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PREFACE TO THE SECOND EDITION 



The changes which have been made in preparing the second 
edition of this book, aside from the rectification of the typographi- 
cal errors which crept into the first edition, are relatively few. 
Certain sections, which experience in the use of the book had 
shown to be too condensed, have been expanded and the material 
in certain other sections has been rearranged or entirely rewritten. 
Many of the problems have been modified or others believed to be 
more instructive have been substituted. The suggestions made 
by a number of instructors who have used the book that answers 
to the problems be given, has been acted upon and answers to many 
of the more complex numerical problems are now included. 

The results obtained in the use of the book have confirmed the 
author in his belief that the statements made in the preface to the 
first edition are correct and that the method of presenting the 
subject of quantitative analysis which has been adopted is an 
improvement over that heretofore in general use, at least where 
students of a suflScient degree of maturity are concerned and where 
the training which it is desired to give them is not of a specialized 
character. 

W. C. B. 
Berkeley, California 
October, 1916. 
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The introductory course in quantitative analysis is expected to 
meet a variety of needs. For a limited number of students it 
represents the beginning of a course of training which ultimately 
leads to the ability to do effective work as a professional analyst. 
For others it represents merely one of the necessary features of 
the tr^ning, which every student who aspires to the title of 
chemist must complete. For still others the object to be gained 
is a general survey of the methods of quantitative analysis, and 

[the ability to comprehend and make intelhgent use of the results 
obt^ed by it, especially as appUed to the various branches of 
both pure and applied science. 
Some of the other difficullies which arise in presenting the sub- 
ject are, the limited amount of time which can be devoted to it; 
the large amount of personal supervision and assistance which 
should be given each student, if he is to acquire the necessary 
manipulative skill with the least expenditure of time and effort; 
and the inability of the instructor to furnish the student with an 
adequate supply of platinum ware and of many of the conven- 
iences and special forms of apparatus, with which it is desirable 
the student should become acquainted. 

In this book the attempt has been made to meet these 

difficulties by outlining the entire field covered by the subject; 

that is, by presenting it from the standpoint of a comprehensive 

scheme of classification, which is based upon the different types of 

chemical and physical equilibrium. By adopting this method 

of presentation it becomes readily possible to discuss the theory 

^^^ all classes of quantitative processes from the point of view of 

^^Bodem theoretical chemistry, which forms the only logical basis 

^^Er effective work in analytical chemistry, and incidentally to 
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add to the student's experience in dealing with the factors which 
affect equilibrium. 

After the general theory underlying each type of process has 
been presented, a number of examples designed to illustrate it 
are discussed and described in detail. The number outlined is 
larger than can be made use of in the introductory course usually 
given, but can be reduced to a single illustration from each class 
if necessary. Altho especial emphasis has been placed upon its 
theoretical^ featiu'es, the fact that the subject is essentially a 
practical one, and that the student's interest is most easily main- 
tained when he is required to solve practical problems, the results 
of which cannot be foretold, has not been lost sight of. Hence a 
large number of the illustrations chosen are practical problems, 
which have been selected from a variety of fields and which are 
solved by the use of methods employed in practical work. It is 
assumed that as far as possible, individual samples, whose compo- 
sition is known only to the instructor, will be given out for- these 
determinations. 

In the development of these illustrations, the attempt is made 
to make use of as great a variety of principles and methods of 
procedure as possible, and to develop the student's abiUty to 
make use of them by assigning for solution a series of questions 
and problems; those outline^ are offered as suggestions only, and 
should be modified from year to year. 

It is scarcely necessary to add that most of the ideas which have 
been made use of are not new. Especial acknowledgment should 
be made to Ostwald, whose "Grundlagen der analytischen 
Chemie" represents the first attempt to summarize those features 
of theoretical chemistry which can be most profitably applied to 
analytical chemistry. Acknowledgment of some of the other 
sources of information will be found in the text, but the limitation 
imposed on the size of the book has made it impossible to ac- 
knowledge all of them. W C B. 

Berkeley, Cal. 
T'^ily 1, 1914. 
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QUANTITATIVE CHEMICAL ANALYSIS 



CHAPTER I 1 

INTRODUCTORY STATEMENTS AND DEFINITIONS H 

Importance of Quantitative Analysis. Quantitative analysia 
has for its object the determination of the quantity of some element 
or compound present in a particular substance. The result of 
the determination is usually expressed as a percentage, ordinarily 
by weight, but sometimes by volume, of the substance concerned. 

The subject is of importance from a number of standpoints. 
An accurate evaluation of most of the important objects of com- 
merce, and determination of their fitness for certain purposes, 
cannot be made imtil their quantitative composition has been 
determined. In many manufacturing industries the raw products 
used are purchased, and the finished products obtained are sold, 
on the basis of the results shown by their analysis; further, the 
entire process of manufacture is often controlled by means of 
analyses of the various products, for such analyses enable the 
manufacturer to determine whether each of the various stages of 
the process have been properly carried out, and to reduce wtistes 
and losses to a minimum. 

In the study of many branches of natural science the inveatiga- 
UiT is often obliged to depend upon quantitative analyses for the 
identification and comparison of the substances with which he is 
concerned, and is frequently enabled to trace the laws which govern 
the changes taking place in these substances thru the study of 
the results of their analysis. The present science of chemistry 
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is based very largely upon the employment of quantitative methods 
in the study of chemical changes; the sciences of geology and 
physiology iiave been very largely developed by the use of data 
gathered thru the employment of quantitative methods. 

The subject has also a certain educational value, in that it 
concentrates the attention of the student upon a limited number 
of chemical transformations; teaches him to observe critically all 
of the changes which take place in the material with which be is 
dealing, and to devise methods of avoiding certain imdesirable 
effects and take advantage of others which are desirable. 

Range of the Subject. It is evident from the preceding para- 
graphs that the field of quantitative analysis extends over an 
extremely wide range of subjects, for the analyst may be called 
upon to determine the quantitative composition of any material 
object whatever. The analysis of substances containing a number 
of constituents often presents a problem of much complexity, and 
much ingenuity has been used in devising methods, which can be 
employed to determine those elements and compounds, that are 
of importance from either a practical or scientiSc standpoint, with 
the requisite accuracy and with the minimum expenditure of time 
and effort. The acquirement of a working knowledge of even the 
more important of these methods is a task of considerable mag- 
nitude, and the subject forms one of the most comprehensive 
branches of the science of chemistry. 

Types of Quantitative Processes. A sufficiently comprehen- 
sive and entirely satisfactory classification of all the methods 
included under the general head of quantitative analysis is not 
easily formulated. All of the more important methods in general 
use may be grouped under four classes, which differ so fundamen- 
tally in method of procedure that it is desirable to discuss them 
separately. 

Gravimetric methods are those in which the determination is 
effected by the actual separation of the desired constituent, or 
product which bears a definite quantitative relation to i 
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d the determination of the weight of the product thus separated. 
Thus the silver can be determined in an alloy by dissolving a 
definite weight of the alloy in nitric acid, separating the silver 
present as insoluble silver chloride, weighing the latter, and calcu- 
lating the weight of silver present from the factor representing the 
ratio of the atomic weight of silver to the molecular weight of silver 
chloride. 

The distinguishing feature of all gravimetric processes is the 
mechanical separation of a product, the weight of which bears a 
known relation to the weight of the substance which is being 
detemuned, from the substance being analyzed. Such separations 
are possible only when there are definite surfaces, which represent 
the limits of the spaces occupied by the separated substance on the 
one hand, and the residual mixture on the other. Expressed in the 
language of modem theoretical chemistry every gravimetric 
process involves a series of chemical and physical operations, 
which bring about such changes in the original substance that a 
new "phase" separates, the term phase being used to designate a 
mass of matter which is physically and chemically homogeneous. 
In the illustration cited the separated phase took the form of a 
Bohd; it might have taken the form of a gas, or of a second liquid, 
which does not mix with the first, and a logical and convenient 
basis for the classification of gravimetric processes is found in the 
type of "phase-transformation" which they represent. Such a 
scheme has been ailopted in this book, and separate sections are 
devoted to "gas evolution processes," in which a new gas phase is 
made to separate from a solid or liquid; "precipitation processes," 
in which a new solid phase is made to separate from a liquid; 
"solution and extraction processes," in which a new liquid phase 
is made to separate from a solid; and "partition processes," in 
which a new liquid phase is made to separate from a liquid phase. 

Volumetric methods are those in which the amount of substance 
to be determined is estimated by measuring the volume of some 
reagent of known concentration, which must be used to completely 
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:onn the constituent beii^ determined into some other form. 
The actual separation of a particular product ia thereby avoided. 
Thus the silver can also be determined in the alloy by measuring 
the amount of sodium chloride solution of known strength which 
must be added to a solution containing a known weight of the 
alloy to precipitate all of the silver as chloride. Volumetric 
processes are conveniently classified \vith respect to the type of 
reaction upon which they are based; the three important classes 
are made the subject of separate sections of this book. 

Physico-chemical methods are those in which the unknown 
substance is determined by measuring some one of the various 
physical properties of a solution containing a known concentration 
of the sample under investigation, and coraparii^ with the corre- 
sponding properties of solutions conttunii^ known concentrations 
of the substance to be determined. They are of rather restricted 
application, and are not strictly speaking chemical proceasea, but 
they are so frequently used by the analytical chemist that it is 
(Omary to group them with these. 

Gas-analysis methods which are based upon the direct measure- 
ment of gas volumes form still a fourth group. They are used not 
only for the analysis of gaseous mixtures but also for the deter- 
mination of a large number of substances which yield gaseous 
products when submitted to the action of certain reagents. The 
successful use of these methods demands the employment of a 
large amount of specialized forms of apparatus; it has not been 
thought desirable to consider them in this book. 

The Training and Skill Required. Success in quantitative 
work demands first of all a CRftain amount of dexterity in perform- 
ing the mechanical operations involved. Training of the hand and 
eye, which results in the formation of habits of deftness and 
precision in manipulation is an essential prerequisite to work in 
this field. Certain individuals are able to acquire this skill with 
comparative ease, but, unfortunately, by far the great majority of 
persons can acquire it only thru patient and persistent appli- 
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^^tion. The beginner cannot be expected to do as rapid or as i 
irate work as the trained analyst, and only actual experience 

ith a great variety of quantitative processes will teach the most 
effective methods of dealing with the problems which constantly 
arise in the execution of quantitative work ajid enable him to 
reduce to a minimum those errors of the process which depend 
upon manipulative skill. 

Absolute Honesty Demanded. Of the many qualifications , 
which the successful analyst must possess none equals in impor- I 
tance that of unimpeachable honesty. It is unnecessary to con- i 
denm or to point out the ultimate effect of the intentional falsifi- 
cation of the results obtained in any line of scientific work to any 
intelligent student; but even when there is no desire to misrepre- , 
sent, care must be taken to overcome any temptation which may 
arise to pick and choose results on the basis of some preconceived 
notion of their comparative accuracy. If, for example, a number i 
of results have been obtained with the same process, the fact that. ] 
some one of these agrees most nearly with what is supposed to be i 
the correct result does not justify suppressing the others, unless | 
there is positive evidence of the fact that they involve errors which 
do not apjjear in the one which it is proposed to accept. If the 
student finds himself unable to do as good work as a more experi- < 
enced or more fortunately endowed neighbor he should not hesitate 
to frankly acknowledge the fact, and should devote bis efforts to l 
increasing his proficiency rather than to concealing his lack of it. i 
Deficiencies of this kind can be overcome thru intelligent and 
well-directed effort, and the satisfaction which results from over- j 
coming them is well worth the effort which it may cost. The 1 
ability to do good analytical work represents a non-transferable ■ 
asset of no small commercial value. . 

Theoretical Knowledge Necessary. Altho any person who ' 
has acquired the necessary manipulative skill may be able to ■ ^ 
execute the details of a carefully described quantitative process, j 

B ability to make effective use of the process will be decidedly 
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limited, owing to the fact that unforeseen contingencies, which 
his carefully worded description did not allow for, constantly arise. 
It is only thru a definite knowledge of the theory of each step 
of the process that the analyst can work intelligently and effec- 
tively; the mechanical performance of such operations without 
understanding the reason for each step is not worthy of being 
dignified by the term " quantitative analysis." 

It should also be noted that the method employed must be 
adapted to the purpose for which the desired result is to be used. 
Frequently the rapidity with which a result can be obtained is of 
greater importance than extreme accuracy, and in such cases time 
and labor can be saved by neglecting certain of the details com- 
monly used or by employing certain "short-cut" methods. Every 
quantitative determination is, therefore, a specific problem in 
itself, and an analysis of the various factors concerned in every 
detail of the proposed method may render it possible to increase 
either the accuracy of the work, or the productive capacity of the 
analyst. An accurate sense of proportion and judgment, as to the 
importance and necessity of the details of quantitative work must 
be developed if the greatest eflBciency is to be attained. 

The Literature of the Subject. A vast amount of experi- 
mental work having for its object the development of new, or 
perfection of old, methods of analysis is being carried out con- 
tinually. The results are published either in certain special 
journals devoted to this branch of chemistry, such as the Zeit- 
schrift fiir analytische Chemie (Wiesbaden) and the Analyst 
(London) or in the more numerous chemical periodicals of a more 
general character. Especial importance should be attached to 
the reports of Committees and Associations, who cooperate in 
.making tests of analytical methods under as nearly identical 
conditions as possible. Such, for instance, is the work of the 
OflScial Association of Agricultural Chemists or of the various 
Conunittees of the American Chemical Society. The progressive 
analyst will find it necessary to keep in touch with the newer 
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developments of the subject, and even the beginner will derive 
much profit and inspiration from consulting the original sources 
of information upon which the methods he uses are based; hence, 
references to a limited number of important articles are added to 
some of the processes described in this book. Altho a number 
of works which attempt to summarize all of the more important 
quantitative methods are available, more comprehensive and 
usually more up-to-date information can be found in the numerous 
manuals devoted to the elaboration of the methods which are 
especially adapted to the analysis of particular classes of materials, 
such as ores and metallurgical products, alloys, rocks, soils and 
fertilizers, foods, etc. 

Proposed Plan of Work. The object of this book is to present 
the fundamental principles used in the general subject of quanti- 
tative analysis, and outline a method by which a working knowl- 
edge of the subject can be attained. In the plan of work here 
adopted the theory of each of the larger groups of quantitative 
processes is first discussed, then a limited number of typical 
illustrations are described in detail and the various sources of 
error and further applications of the method suggested. A series 
of questions and problems designed to point out the reasons for 
certain features of the methods and emphasize the general prin- 
ciples used are appended to most of these descriptions. In the 
elaboration of each of the different classes of processes much matter 
of a more general character finds constant use; this has been 
presented in brief form in the series of chapters forming the first 
section of the book. Familiarity with all of the facts there pre- 
sented is not an essential prerequisite to actual work with the 
methods described in the subsequent sections; all of it is necessary 
to a comprehensive knowledge of the principles of quantitative 
analysis, and these chapters should be carefully read and digested 
as progress is made in the practical part of the work. 

Strength of Reagents Used. A large number of the reagents 
used in quantitative analysis are prepared for one specific purpose 
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only; the metiwd of presxinDg sxuh rfngyiito w3I be ^ran in the 
deserxpiioiis of the proeeaaes in wfaieh they are used. The strength 
of certain reagents wiiicfa. are used in a great Taiielj of processes 
are given below. 

Dilate ammonium hydroxide, made by adcfing ooe and one-half 
Tolmnes of water to one of concentrated ammonium hydroxide 
(sp. gr. 0.9). One cc. ci the dOLuted reagent contains 0.102 gm. 
NHii. It » fr-^iormaL 

IKIute acetic add, made by adding one and four-tenths volmnes 
of water to one ci 80 per cent acid. One cc. contains 0.36 gm. 
CfEUOs* It is 6-nomiaL 

Concentrated hydrochloric add. One cc. contains 0.44 gm. 
HCL Its specific gravity b 1.19. It is 12-nonnaL 

IKIute hydrochloric add, made by adding one vohnne of water 
to one of the concentrated add. One cc. contains 0.22 gm. HG. 
Its speei&e gravity is 1.10. It is 6-normal. 

Concentrated nitric add. One cc. contains 0.99 gm. HNQi. 
Its iqiecific gravity is 1.42. It is 15^ormal. 

Dilute nitric add, made by adding ooe and ax-tenths vdumes of 
water to one of concentrated add. One cc. ccmtains 0.38 gm. 
HNQ^ Its specific gravity is 1.2. It is 6-normal. 

Concentrated sulfuric acid. One cc. contains 1.77 gm. Its 
specific gravity is 1.84. It is 36-normaI. 

Dilute sulfuric add. Made by adding one volume of the coDr 
centrated add to five of water. One cc. = 0.30 gm. H^Of. Its 
spedfic gravity is 1.19. It is &^ormaL 




SECTION I 
GENERAL FEATURES OF GRAVIMETRIC PROCESSES 
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CHAPTER II 

THE METHOD OF WEIGHING 

I. Theory of the Use op the Balance 



■'Construction. Quantitative processes involve determinations 
of the relations existing between two masses of matter, but since 
both masses are determined by means of a beam balance under 
identical conditions the distinction between mass and weight can 
be disregarded. The accuracy of such processes must depend 
in part upon the accuracy with which the two weighings are made, 
and instrument makers have developed certain forms of baJances 
known as "analytical balances" the use of which makes it possible 
to reduce the errors from this source to insignificant proportions. 
The details of the mechanism used by different makers for the 
adjustment and protection of such balances vary, but since all are 
based upon the use of essentially the same principles, only one 
type will be described here. 

The beam of such a balance is represented in Fig. 1. It is con- 
structed of such material, and in such a form, as to combine the 
maximum degree of rigidity and strength, with the minimum 
weight. It 13 suspended at its center on a horizontal axis, which 
is made of agate and accurately ground to a imife-blade edge, as 
shown at A of the figure. This axis rests upon a strip of polished 
agate supported upon the top of a pillar, and the beam is free to 
turn in a vertical plane about this axis. Two other knife-blade 
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,^d B and B', which are of a sunilar construction, but with edges 
ed upwards instead of downwards, are fixed at the two ends 



-^v^ equidistant from the center. These edges sustain specially 
^^jjl^ructed stirrups, which are also provided with strips of agate, 





Pig. 1. — Beam of an Analytical Balance 



A C of the figure, at the points of contact; from them are 

ded two pans, one of which supports the substance being 

®^^?\^ , and the other the weights used. The beam may be 

^ jp^ as a compound lever in which the fulcrum is at the axis 

^^ nsion. If ^^'^ *^'^ ^^"^ ^^ ^^ equal length, and if the 
of suspe ^^^ ^^^^ which they contain are of equal weight, the 

^ff^ f the force of gra\aty upon the two ends of the beam is 

identical, and a depression of one end di 
the beam will produce a series of vibra- 
tions similar to those of a pendulum. 
The process of weighing consists in plac- 

_^^ ing the substance whose weight is to be 

Fig. 2. — Scale of Balance jg^j^jnined in one pan, and addmg weights 
to the other until the two counterbalance each other. This pomt can 
be recognized by observing the movements of the beam, and a 
pointer, the upper part of which is sho^Ti at D is attached to it 
for the purpose of magnifying these movements; a smdl ivo^ 
scale, represented by Fig. 2, is placed just back of the end of the 
Domter m order to make it possible to measure and record the 
magnitude of these movements with respect to the central axis. 
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B center of this scale, which is directly below the axis of sua- 
pension, should be marked 10, the tenth division to the left zero, 
and the tenth to the right twenty; this method of marking the 
scale at once indicates whether the numbers recorded are to the 
left or the right of the center. 

As the movement of the beam is greatly retarded by friction, 
and as the friction losses increase very rapidly as the knife-blade 
edges lose their sharpness, it is necessary to protect these bearings 
against needless wear; hence, analytical balances are often pro- 
vided with two sets of rests, known as "beam-rests" and "pan- 
rests" respectively. The beam-rests are eontroiled by a milled 
button, placed at the center and on a level with the floor of the 
balance case. When rotated it turns an eccentric, which rmaes a 
rod pasang thru the center of the pillar of the balance, and this 
in turn raises two hinged arms E and E', which lift the knife- 
blade edge A from the agate plate, and also the stirrups sustaining 
the pans from the knife-blade edges 
B and B' on which they rest. The 

K;ed arms are also provided with 
studs F and F', which fit into a 
and a trough terminating the two 
Lb G and G', fastened to the beam. 
The effect of raising and lowering the 
beam-rests is to bring the beam into 

ctly the same position with re- =U= ^^ 

t to the agate plate upon which j,.^ 3 _^^^ ^j 3^^ ^^ 

"he pan-rests are controlled by a email knob placed at the left 
of the center, as shown at / of Fig. 3. When a slight pressure is 
applied to this button, the rod to which it is attached moves the 

r J which carries two arms K and K' and cause these to drop. 
rily these arms impinge upon the bottom of the pans L and 

md prevent needless vibration and wear of the bearmgs B and 

put when they drop the beam is free to vibrate. As a protection 
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against dust, moisture and air currents, the entire apparatus ia 
enclosed in a glass case, one side of which consists of a movable 
slide of the same material. 

Condltioas which Determine Accuracy. An accurate com- 
parison of the relative m^nitud^ of two massea cannot be made 
with such a balance unless certain essential conditions are complied 
with. 

First, the point of suspension of the beam should be equidistant 
from the points of suspension of the two pans, for if these distancea 
differ the loads sustained by the two anns act with unequal lever- 
ages. If the total length of the beam is known the difference in 
the lengths of the two arms can be calculated from the weights 
found to be necessary to counterbalance the same object, when 
placed first on one pan and then on the other. If we represent the 
length of the right arm by r, that of the left arm by I, the true 
weight of the object by W, the apparent weight when placed in the 
left pan by A, and when placed m the right pan by A + a, we have, 

At = Wl, also Wr = {A + a) I. 
If we multiply these two equations together and simplify the 
resulting expression we can obtain the relation 

H';(l)-::,l+«:^. 
It is also easy to show that the true weight of the object corre- 
Bponds to the square root of the product of the two apparent 
weights, or since the two differ but slightly, it is represented with 
sufficient accuracy by the average of the apparent weights. Since 
it is not possible to make a balance whose two arms are absolutely 
equal, this method of "double weighing" is always used where 
extreme accuracy is demanded. The error which might result 
from this defect in the construction of the balance can usually be 
^^lected if the same pan, usually the left-hand oae, is used for all 
'°ighings concerned in the analyses, 

d, the center of gravity of the entire system, that is, of the 
B loads which it sustains, nljis^ be slightly below 
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the point of suspension of the beam. If the reverse relation holds, 
the system is in unstable equilibrium; if the two points fall to- 
gether, the system is in neutral equilibrium, and vibration of the 
beam even with equal weights is impossible. If the center of 
gravity of the system is too far below the point of suspension, the 
deflection produced by a slight excess of weight in either pan is but 
slight, and the balance is not sufficiently sensitive. By means of 
a small weight, which slides up and down the pointer, but which 
can be fixed by means of a set screw, see H of Fig. 1, the center of 
gravity can be lowered or raised. If, however, this distance is 
made too small the retarding effect of friction is relatively greater, 
and the movecaents of the beam are slow and uncertain. 

Third, the point of suspension of the beam and of the two pans 
must be very nearly on the same horizontal line; otherwise, 
changes in the loads carried by the pans change the position of the 
center of gravity, and hence the sensitiveness. Since fill balance 
beams yield slightly to heavy loads it is impossible to comply with 
this condition in all cases. Manufacturers usually endeavor to 
make A stand as much below the line joining B and B', when the 
balance is empty as it stands above this line when the pans sustain 
the maximum permissible load; the balance should then show the 
minimum change in sensitiveness with an average load. 

Sensitiveness. The sensitiveness of a balance is measured by 
the magnitude of the ar^le, corresponding to the change in the 
position of the pointer, produced by a slight excess of weight in 
either pan. Evidently this angle must increaiSe as the length of 
the beam is increased, but it is undesirable to increase the length 
of the beam beyond a certain maximum, as the movements of the 
pointer then become correspondingly slow (and in this respect the 
behavior of the beam differs from that of a pendulum), and 
the tame occupied in making a weighing is materially increased. 
The sensitiveness decreases as the weight of the beam and the other 
factors which produce friction increase. The third, and perhaps 
moBt important, factor is the adjustment of the center of gravity 
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with respect to the point of suspension. The quantitative ex- 
pression which represents the relation between these factors is 
given by the equation: 

Tan 01 = ^;^ TTj 

DXQ 

in which L is the length of the arm, W the excess of weight in the 
pan, D the distance referred to above, and Q the weight of the 
beam. 

As ordinarily used the term sensitiveness represents the number 
of scale divisions thru which the pointer is deflected by one milli- 
gram. Altho it is desirable to make the sensitiveness large by 
reducing the value of D, it cannot be reduced below a certain 
limit, which depends largely upon the skill used in the construction 
of the balance and the weight of the beam, or the movements of 
the pointer become so variable and uncertain that the point of 
rest cannot be determined with certainty. It should be possible 
to so adjust the balance that it has a sensitiveness of from 1.5 to 
2 divisions. 

The Point of Rest. If we have an ideal balance, that is, one 
which has been perfectly constructed, which moves without friction, 
and which is loaded with equivalent weights, a slight depressicm 
of one end of the beam will cause the beam to vibrate back and 
forth and the pointer to move an equal number of divisions to the 
right and to the left of the central point of the ivory scale for an 
indefinite length of time. Owing to friction, and various faults 
of construction, there is a constant decrease in the amplitude of 
these vibrations, and the beam finally comes to rest. This posi- 
tion, as indicated by the position of the pointer with reference to 
the divisions of the ivory scale, is called the "point of rest" of the 
balance, and is constant for any given set of conditions. Owing 
to slight variations in these conditions, accumulation of dust on 
the pans, temperature changes, etc., this point may vary slightly 
from day to day, and rarely corresponds exactly with the center 
of the ivory scale. If it differs from it greatly the balance should 
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be readjusted by movement of one of the two buttons, and 0' 
of Fig. 1, at the end of the beam, toward or away from the point 
of suspension as the case may require. 

The exact position of the point of rest C is most rapidly and 
accurately detennined by noting the limits of a series of vibrations, 
and averaging the results. If 
there were no decrease in the 
amplitude of these vibrations, 
one-half the sum of the aver- 
ages of the positions reached 
by the pointer on the right and 
left respectively would give the 
correct position of the point. ^^«- 4. — Diagram Representing Move- 
Owing to this decrement, how- 
ever, this is strictly true only when an even number of readings is 
made on one side ana an odd number on the other, as considera- 
tion of the accompanying diagram, Fig. 4, will show. In this dia- 
gram the successive positions reached are designated by the letters 
of the alphabet. If there were no decrement due to friction the 




expression 



=[ 



(a + c + e) (b + d+f) 



y 



would ffve the correct position of the point of rest. The positions 
actually reached differ from those to which the above formula 
would apply by multiples of the decrement k which is approxi- 
mately constant. If a be taken as the starting point the position 
b differs from that which would be attained if there were no friction 
by the constant fc, the position c by twice that constant, the posi- 
tion d by three times the constant, etc. If now we average the 
two series, the one to the right, the other to the left, for five vibra- 
tions, we obtain as the expression for the point of rest, using the 
C(»rrected values: 



c = p-^ 



+ c + e-6fc) jb + d + i k) 



^]-^2. 
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■ In solving this expression the value of the constant k is elinunated 
while if an equal number of readings be taken for the two s^iea 
this is no longer true. 

The Accurate Method of Weighing. Having determined in 
the manner described the point of rest of the empty balance, the 
weight of any substance can be determined by placing it on one 
pan of the balance, and adding weights to the other until the point 
of rest corresponds to that originally found. If accurately carried 
out the process is a slow one, and may be abbreviated by an 
equally exact interpolation process, which depends upon the fact 
that the change in the point of rest is directly proportional to the 
weight by which it is produced. In using this method the unknown 
Bubstance is placed on the left pan and weights added, using 
milligrams only, until the point of rest is not far from that of the 
empty balance. If this point of rest is to the right of C another 
milligram is added to the weights in the pan, and the point of rest 
again determined, or if it is to the left, one milligram is removed 
and the point of rest determined. The difference A — B, in 
which A and B represent the points of rest corresponding to the 
lesser and the greater weights respectively, gives the deflection 
produced by one milligram. In order to change the point of rest to 
that of the empty balance (A — C) -^ {A — B) mg. must be added to 
the lesser weight. The interpolation method is represented graphi- 
cally on Fig. 2, which shows the actual positions of A, B and C, on 
the ivory scale in a specific case. It is obvious that (12 — 9) t 
(12 — 6) or 0.5 mg. must be added to the weight which gave the 
point of rest A in order to counterbalance the unknown substance in 
the left pan. The value of (A — B) is not constant unless the load 
sustained is constant but where these differences are small the 
changes in this value can be neglected, hence, it ia often possible to 
omit the determination of either A or B if the proper constant 
has been previously determined. The value of C does not usually 
differ greatly during the course of a laboratory period, and need 
f be determined once. This method of weighing is the most 
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accurate in use and with experience is rapidly executed. Under 
favorable conditions it should be possible to reduce the error 
involved in weighing by this process to one-tenth of a milligram, 
but this represents the extreme limit of accuracy which can be 
attained with the ordinary analytical balance. If a greater degree 
of accuracy is demanded a more carefully constructed "assay 
balance" must be used, but this cannot be employed for weights 
which exceed 5 grams. 

Abbreviations of Accurate Method. In all kinds of quantita- 
tive work it is the percentage rather than the absolute error which 
has to be considered, and where large amounts of material are to 
be weighed the above method may be shortened. If we are to 
weigh a precipitate of about the magnitude of one gram, and weigh 
to within one-tenth of a milligram, the percentage error involved 
will be one-hundredth, which is insignificant, as compared with 
the other unavoidable errors of most quantitative processes, and 
even if the error involved is a half milligram the percentage error 
is not excessive. If, however, our precipitate weighs two-tenths 
of a gram an absolute error of a half milligram cannot be safely 
disregarded. The abbreviation referred to above consists in 
making a rough mental calculation' of the point of rest from a mere 
inspection of the movement of the pointer. It may be further 
noted that most of the weighings made actually involve the differ- 
ence between two weights, namely, the weight of the empty vessel 
and that of the vessel and substance. If the same point of rest 
is assumed for both weighings, the same error will appear in both 
and the difference will give the correct value of the magnitude 
desired. The point usually assumed is the center of the scale. 
Hence the process of weighing which may be used in such cases 
conasts in manipulating the weights till the pointer swings to 
approximately an equal number of divisions on both sides of the 
center of the scale, making the proper allowance for the decre- 
ment in the amplitude of each vibration. The error involved 
i method should not exceed three-tenths of a milligram. 
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Some judgment must be used as to which of these methods of 
weighmg should be employed, but a fairly satisfactory general 
rule is to use the more accurate method when the quantity weighed 
is less than three-tenths of a gram. 

The Weights Used. Since the results of quantitative proc- 
esses are usually expressed in terms of the ratio of the substance 
found to the substance used, and since the same set of weights is 
used to determine the value of both of these magnitudes, the abso- 
lute value of the standard or unit mass employed is of no signifi* 
cance. If the weights used are consistent between themselves, 
that is, if the different pieces bear to each other the exact relation 
for which they are used, no error will appear in the final result. 
If, however, as in the assay of gold and silver ores, the result is 
to be reported in terms of the money value per ton, the absolute 
value of the unit of weight employed is of the greatest importance. 
The sets of weights sold by firms of established reputation are 
frequently sufficiently accurate for most kinds of work, but the 
results obtained with them will always be subject to some uncer- 
tainty until they have been accurately tested. Such weights 
should be handled with ivory-tipped pincers and kept in a closed 
box when not in use. Platinum weights should not change in 
value even after years of constant use, but aluminum weights 
are subject to slight corrosion and must be more carefully pro- 
tected. 

The manipulation of very small weights, especially those below 
5 mg. in value, is troublesome and is usually avoided by the use 
of a "rider." This is a piece of platinum or aluminum wire bent 
in such form as to hang on the beam of the balance, and easily 
movable from place to place on the beam by means of a rod. 
If such a rider, whose weight is exactly 5 mg., is placed on the 
beam of the balance exactly above the point of suspension of the 
pan containing the weights it would have the same effect as the 
addition of 5 mg. to that pan, or if placed in any position between 
this point and the point of suspension of the beam it would 
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lave an effect proportional to its distance from the point of su3- 
pendou of the beam. If the beam is divided into five equal 
parts each division would be equivalent to 1 mg. Further sub- 
division of these large divisions enables one to add tenths of a 
milligram aa desired. 

The Calibratioa of Weights. It is often necessary to accu- 
rately calibrate a set of weights. This involves first a determina- 
tion of the exact relations between the different pieces compoaii^? 
the set, and second a reduction of the values thus obtained to the 
absolute metric unit or some other convenient standard. The 
method can be readily illustrated by a concrete example. In thi' 
work the 5 mg. weight was temporarily adopted as a standard of 
reference and was found to agree absolutely with the rider of tho 
balance. By comparing systematically the different pieces of th<: 
set on an assay balance the results recorded in the accompanying 
table were obtained. In this table the first column represents the 
marks on the weight placed in the left pan of the balance, the 
second column the weights added to the right pan, and the third 

ft portion of the rider on the beam of the balance. The figures 



10+ 10' 

20+10+10'+5 

60+20+!0+]0"+5 

100 

lOO+lOO' 

200+ 100+ 100" +50+20+ 10+ 10* +5 

500+ 200+100+ 100'+50+20+ 10+ 10'+5 





le fourth column represent a summation of those in the second 
I plus the corrections previously found, and hence the 
s of the different weights in terms of the 5 mg. weight. 
I 1 gfin. weight was next compared with a standard metric 

jid fuuod |..> Uvt; Ib.j vjlut' i.in075 
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Multiplying the series of figures in the fourth column by the factor 
(1.00075 ^ 1.0019), that is, 0.9988, they were reduced to the coire- 
eponding values in terms of the absolute metric units and the results 
which appear in the last column of the table obtained. The figures 
which appear in the second decimal place have no significance in 
analytical work and are therefore neglected. 

Correction for Buoyancy. The apparent effect of gravity upon 
any object which is surrounded by the atmosphere is less than 
the true effect by an amount corresponding to the weight of the 
volume of adr which it displaces. If the loads sustained by the 
two pans of the balance displace the same volume of air, buoyancy 
affects both equally, but where the object beii^ weighed, and the 
weights used to counterbalance it differ iu volume, buoyancy 
affects the load displacing the greater volume of air to a greater 
extent than the other, and causes a corresponding error. The 
magnitude of this error can be calculated from the weight of a 
unit volume of air, and the difference between the specific gravities 
of the weights and object weighed. If the specific gravity of the 
uample weighed out for an analysis equals that of the substance 
separated, buoyancy causes the same proportionate error in the 
two weighings upon which the final result depends. 

The Error Resulting from Hygroscopic Water. Any soBd 
object, which has not been especially dried and maintained in an 
atmosphere which is free from water vapor, retains a film of hygro- 
scopic water upon its surface. If the surface presented is large 
the true weight of such an object may differ from the apparent 
weight, that is, the weight determined under ordinary atmospheric 
conditions, by several milligrams; and further, the difference 
varies with the amount of water in the atmosphere. Altho thia 
film of water can be expelled by heating the object to 100" for * 
few minutes, it is not readily possible to entirely prevent the re- 
absorption of hygroscopic water while it is being cooled and 
weighed, A 15-gm. crucible, for example, which has been allowed 
to cool in a desiccator, and which is weighed in a balance, the case 
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■ of which contains a jar of calcium chloride, wilt frequently show 
a gain of from one to three-tenths of a milligram on long standing 
on the balance pan. When it is necessary to weigh accurately 
to one-tenth of a milligram this becomes one of the most trouble- 
some difficulties to avoid. 

Since most weighings are made in some form of a container, 
such as a crucible or bottle, the weight actually used in the final 
calculation represents the difference between the weight of the 
container plus substance and the container, and the error resulting 
from the absorption of hygroscopic water can often be reduced 
to negligible proportions by submitting both to exactly the same 
conditions before weighing. If, for example, the empty crucible 
and the crucible plus the substance to be weighed are ignited, 
placed in a desiccator while still, warm, allowed to stand for an 
hour and then weighed at once, the amount of hygroscopic water 
absorbed by the crucible in the two cases is practically the same, 
but not exactly so unless the percentage of water vapor in the 
atmosphere has remained constant. The only error to be con- 
adered in such a case is that due to the absorption of water by 
the substance itself, which can usually be neglected unless it is 
decidedly hygroscopic. If it is decidedly hygroscopic it becomes 
necessary to use a closed container. When the container cannot 
be heated to a temperature necessary to drive off all hygroscopic 
wat«r, wiping with a dry cloth has to be substituted. When the 
surfa<;e presented by the container is very large, variations in the 
moisture content of the air may lead to errors which cannot be 
neglected. In such cases it is desirable to prepare a counterpoise 
of about the same surface area as the vessel to be weighed, to 
submit both vessels to the same treatment before both weighings 
and to substitute the counterpoise for some of the weights employed 
in both caBes. It may be assumed that variations in the atmos- 
pheric conditions will affect the amount of water retained by the 
two vessels to the same extent, and that no error from this source 
will appear in the difference finally found. 
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II. Rules fob the Use of the Balance 

Altho the general facts and principles upon which the use of the 
balance is based have been presented in the preceding section, 
there are a number of details of a purely practical nature which 
must be observed if the balance is to be maintained in good work- 
ing order. These are elaborated in the form of the series of rules 
given below. 

First, in order to prevent wear of the bearings, and consequent 
rapid decrease in the sensitiveness of the balance, large weights 
should never be placed on or removed from the balance pans, 
unless the beam- and pan-rests are in position; if the weight being 
added or removed does not exceed 100 mg. the pan-rests alone will 
suffice. Both rests should always be left in position before leaving 
the balance. 

Second, the floor of the balance case and the pans should be 
kept perfectly clean. If substances are spilled within the case 
they should be brushed up at once with a fine brush or cloth. 

Third, no solid substances except certain metals and alloys 
should be placed in contact with the balance pans. No liquids 
of any description should be brought into the balance case unless 
retained in tightly stoppered bottles. 

Fourth, hot objects should be allowed to cool to a temperature 
not greatly in excess of the normal temperature of the balance 
room before being weighed. If this precaution is not taken dis- 
turbing air currents are set up within the balance case. For a like 
reason the slide of the balance case should be kept closed while 
the movements of the beam are being observed. 

Fifth, the weights should always be handled with bone-tipped 
forceps and should be carefully protected from dust and fumes. 

Sixth, if the point of rest of the empty balance differs from ten 
by more than one unit, or if the balance fails to behave properly, 
ask the instructor in charge to make whatever adjustments may 
be necessary. 
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Details of Procedure for Determination of 
Point of Rest 

tSeat yourself squarely in front of the balance case so that your 
line of vision is directly opposite the center of the balance. Re- 
tease the beam-rests by turning the button at the center of the 
case, then the pan-rests by pressing the small knob to the left, 
next gently lower the rider till it rests on the end of the beam and 
allow it to remain just long enough to displace the pointer about 
ten divisions on the ivory scale, and finally remove the rider and 
permit the beam to awing freely. Take an odd number of con- 
secutive readings {five are sufficient) corresponding to the extreme 
positions reached by the pointer. Add together the averages of 
the two sets of readings, one set representing all the readings taken 
on the right of the center, the other all the readings taken on the 
left of the center, and divide the sum by two. This gives the 
point of rest of the empty balance. Repeat the determinations 
till results are obtamed whose extreme differences do not exceed 
^wo-tenths of a division. 

^^RtV. DSTAU^ OF PrOCEDXIRE for the DsTBRMINATtON ^H 

^^g OP THE Weight of a Watch Glass ^| 

Elaborate Method. Hold a" clean watch glass over a gauze 
heated by the flame of a burner until it is decidedly hot to the 
l-ouch, then place on a clean support inside a desiccator and allow 
to cool for twenty minutes. Transfer the glass by means of clean 
dry pincers to the left pan of the balance and add in regular 
succession weights of decreasing value to the right pan until the 
correct weight is determined to within 10 mg. if the balance is 
provided with a 10-mg. rider, and to within 5 mg. if it is provided 
with a 5-mg. rider. Next vary ttie position of the rider on the 
right arm, placing it at points corresponding to entire milligrams, 
until the weight is found to within 1 mg. Finally determine 
irately the point of rest, fixst, with the rider in the position 
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vy/\itt:\i rrifilu'M Mir total weights used slightly less, and second that 
v/hirii riifiki'H iUr. total weights used slightly greater than that of 
Ui<: watcli ^.hiHH. Those relations can be determined by noting 
v/h<rUi«r tlin pointer Hwiiigs decidedly to the right or the left as 
Ui<r i',\inu\fi'.ii nrv. lna<l(^ 

Ia'I a repreHeiit Mie point of rest found with the lesser weight, 
// Uiftt foiiiid with tlie greater weight, and C the point of rest of 
iUt: f'ifipty hHlanr(\ ( 'alculate the correction, expressed in milli- 
Ujtiini*., in \i*' tuMed to t.he lesser weight necessary to shift the pomt 
of ttfX from A to (! by dividing (A — (7) by (A — B), and add 
thih t'ju'i'i'i'.i'um to i\\v. l(\sHer weight. 

V<:ril'y tli(^ tu'v.wrnr.y of the result by adding, by means of the 
ntU'i'f l\ii'. friM'tioii of a iinlligram calculated to be necessary and 
ttitjiiu tU-U't'tiutw the point of rest. If the work has been accurately 
t'.nnv'il out, and if tli(^ balance is properly constructed and ad- 
liitiUu\, the points of r(»st obtained should not differ from that of 
llie ^nipty balan(;(^ by more than two-tenths of a division of the 
ivory tiaiU'.. 

Make a perniancuit nHM)r(l of the weight thus obtained in the 
laboral/ory nott^book, in which all weighings and the data upon 
which tlii^y nrc. baseil should be recorded when obtained. Dis- 
regard all figures l)(\yond the fourth decimal place. 

Abbreviation of the Method Outlined. In subsequent work 
this nujthod of w(*igliing may often be abbreviated. Where the 
weight actually d(;t<*rmined is the difference between the weight 
of the containing v(?ssi*l and the weight of that vessel plus another 
substance, the point of rest of the empty balance may be assumed 
to be ten. Whcrci the magnitude of the mass weighed is not less 
than 0.3 gm. the accurate determination of the points of rest may 
be omitted and the weight determined with sufficient accuracy 
by changing the position of the rider on the beam until the pointer 
swings to approximately the same distance on either side of the 
point of rest of the empty balance, making a slight allowance for 
the decrease in the value of each successive vibration. 
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V. Details of Procedube for Calibration of a Set 

OP Weights 

Determine the relations between the different pieces composing 
bhe set, using the procedure outlined on page 19. It is not neces- 
sary to reduce the results to the absolute metric standard. 

VI. Questions and Problems. Series 1 

1. The right arm of a balance has a length of 150.1 mm.) the left arm 
150 mm.; the apparent weight of a crucible placed in the left pan is 10.032 
gm.) what is its true weight? 

2. What error would result in weighing a 0.3 gm. precipitate in the crucible 
rrferred to above if, first, both empty crucible and crucible plus precipitate 
are weighed on the left pan, and second, if the crucible is weighed on the 
right pan and the crucible plus precipitate on the left pan? 

3. Show that no error is involved in weighing a precipitate if the point of 
rest of the empty balance is not actually determined, provided the same 
vshie is assumed in weighing both empty crucible and the crucible plus pre- 
cipitate. 

4. A crucible placed on the left pan of a balance is exactly counterbalanced 
^hen a weight of 10.05 gm. is placed on the right pan and the rider is at the 
3oint marked 8.2 on the right arm; if the right arm is divided into 12 equal 
iivisions and the rider weighs 10 mg., what is the weight of the crucible? 

6. The weight of a balance beam is 350 gm., its total length 200 mm., and 
\he pointer attached to it has a length of 180 mm.; if one milligram causes a 
deflection of 2 mm. at the end of this pointer, what is the position of the center 
3f gravity with respect to the point of suspension? Arts, 0.026 mm. 

6. What error results from failure to correct for buoyancy in weighing a 
10-gm. porcelain crucible, assuming that brass weights with a specific gravity 
Qf 8.33 are used, that the specific gravity of porcelain is 2.14 and that one 
liter of air weighs 1.2 gm.? 

7. A crucible is foimd to weigh 10.0542 gm. when placed on the right-hand 
pan of a balance and 10.058 gm. when placed on the left-hand pan; what is 
the true weight of the crucible? If the total length of the beam is 180 mm., 
what is the difference in the lengths of the two arms? Ans. 0.02 mm. 



CHAPTER III 

PREPABATION OF THE SUBSTANCE FOR ANALYSIS 

Theory of Sampling. The amount of substance actually em- 
ployed in making a quantitative analysis is comparatively small, 
and the result obtained is of but little value unless the portion 
actually used accurately represents the average composition of 
the entire mixture. In the analysis of gases and liquids homo- 
geneous mixtures are very easily obtained by a slight amount of 
stirring, but in the analysis of solid mixtures it is usually neces- 
sary to prepare a "sample." The difficulties which arise in 
preparing a representative sample of a solid mixture result from 
differences in size and lack of imif ormity in the distribution of the 
different constituents, and from differences in the hardness and 
the specific gravity of these constituents. The general method 
of procedure in sampling a non-homogeneous solid, whether it 
represents a carload or a few pounds is essentially the same. It 
involves removing and setting aside according to a uniform plan 
a fractional part of the total amount, reducing the portion set 
aside to a finer state of division, mixing thoroughly, and repeating 
this cycle of operations until a sample of such fineness is obtained 
that the small amount actually weighed out represents the entire 
original mass. The fundamental principle which must be kept 
in mind is that the fineness to which the sample is crushed at each 
cycle must be such that the ratio between the size of the sample 
and the size of the largest particle is sufficiently large. The siae 
of the largest particle must be so small that the addition of one 
such particle to the portion which has been selected does not 
change the average composition of the mixture by an appreciaUe 

amount. 
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Calculatioa of the Mazimum Size of Particle. The maxiiDUin 

size of particle which ia permissible depends upon a number of 
factors, and can be calculated if certain assumptions are made. 
The method is most conveniently outlined by the consideration 
9^ a specific case. 

Let it be assumed that a lump of iron ore, which weighs 1000 gm., 
consists of 200 gm. of quartz, which has a specific gravity of 2.5 
and contains no iron, and 800 gm. of hematite, which has a specific 
gravity of 4.5 and contains 60 per cent of iron. Let it be assumed 
further that it is desired to cruBh this lump to such a degree of 
fineness that when one-fourth of the well-mixed mass is selected 
the addition of a further particle of quartz will not reduce the 
percentage of iron, or of a fm'ther particle of hematite will not 
increase the percentage of iron, by more than one-tenth of one 
per cent. The correct percentage of iron in the lump is evi- 
dently 48, and if x and x' represent the respective weights of 
quartz and hematite whose size is just sufficient to meet the 
requirements named, the following expressions are true: 

>. _ (250 X 48) + (3^ X 0) _ „ , ^ 

° 250 + 1 "■'' ^ 

(250 X 48) + jx' X 60) .q _ „ , ■ 

250 -I- a;' ^ " " ^ 

When these expressions are solved x will be found to have the 
value 0.52 gm. and x' 2,1 gm. The volume of a quartz particle 
which weighs 0.52 gm. is evidently 0.208 cc. and if it is assumed 
to have the form of a perfect cube its length would be approx- 
imately 0.6 cm. The volume of a hematite particle which 
weighs 2.1 gm. is evidently 0.46 cc. and if it is also assumed to be 
a culje, its length would be 0.77 cm. Hence the sample should 
be crushed fine enough to pass thru a sieve which has open- 
mgs not exceeding 0,6 cm. in diameter, and since the assumptions 
here made are not actually realized, a sieve with still smaller 
openings should be used if the specified degree of accuracy in the 
preparation of the sample ia to be assured. 
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Methods of Selection. The simplest method of selecting a 

fractional part of the mixture is to turn over the entire mass with 
a shovel or spoon, and set aside every tenth, fifth, or second shovel 
or spoonful. Another method is to distribute the entire mass in 
the form of a cone-shaped pile, flatten the pile slightly, and remove 
a sector representing one-quarter or one-half of the pile; it can be 
assumed that the large and small particles and the light and heavy 
particles are distributed symmetrically with respect to the central 
axis of such a cone. A large number of mechanical devices, which 
automatically separate a fractional part of all the material passed 
through them, are used where the sample is large. 

Methods of Powdering. A great variety of grinding or sitred- 
ding machines, which are especially adapted to the nature of 
different classes of materials, are in use. Altho the grinding 
parts of such machines are made of hardened steel, appreciable 
fimounts of iron are added to the sample during the grindii^ 
process if the sample contains constituents whose hardness ap- 
proaches that of steel. This is usually neglected in commercial 
work, but cannot be tolerated in many lines of scientific work. In 
such cases the sample must be pulverized by hand by means of a 
mortar and pestle which are made of agate. It is sometimes 
advantageous to separate out the coarse from the fine particles 
during the grinding process; but since certain constituents of the 
mixture may be more easily reduced than others, none of the 
sample can be rejected, that is, the entire sample must be made to 
pass thru the sieve used. 

Methods of Mixing. Mixing is best performed by placing the 
mass in a cylindrical vessel, which is then carefully corked and 
rotated by means of a motor. The same result can be obtained 
more slowly by hand rotation. Another method consists in plac- 
ing the sample on a large piece of rubber "sampling-cloth" and 
rolling the contents toward the center by raising successively the 
opposite comers of the cloth. Mixing and grinding can be ef- 
fected simultaneously by means of the small "ball mill" 
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sented in Fig. 5. It consists of a porcelain jar, which contains 
in addition to the sample a large number of porcelain balls. 
When closed and rotated these 
rapidly reduce the sample to a 
fine homogeneous mixture. 

The Moisture Content of the 
Sample. All solid substances 
contain at least appreciable 
amounts of hygroscopic water 
unless previously dried. If the 
percentage is large the fine par- 
ticles tend to stick together and 




Fig. 5.— BallMiii 



may make it impossible to powder and mix the sample properly. 
Frequently a mass which seems to be fairly dry becomes moist 
and sticky as soon as it is roughly powdered, since water is 
sometimee held within the interior of the larger masses. 

The chemist b usually expected to report results on the basis 
of the mixture actually received. If he dries the mixture sub- 
mitted to him in order to make it possible to prepare a representar 
tive sample the results obtained will not represent the composition 
of the original mixture. In such cases it becomes necessary to 
save out a sufficient amount of the original mixture to permit of 
an accurate deteimination of the water present, and to multiply 
the results of the analysis by a factor, which can ho calculated from 
the percentage of water found, in order to report the percentages 
present in the original mixture. 

If the sample contains a small amount of hygroscopic water only 
it is preferable not to dry it, for since all finely divided substances 
arc at least appreciably hygroscopic it is often difficult to preserve 
Buch samples and to weigh them out accurately. 

Methods of Drying. Hygroscopic water is usually determined 
by drying the sample in an oven (see Chapter IX} which is kept 
at a temperature of 105°. This method carmot be used where 

diemically combined water, or undergoes otl^^^ 
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changes at this temperature. In such cases, dehydration can be 
effected by the use of a desiccator similar to the one represented in 

Fig. 6. It consists of a ^ass vessel 
provided with a tightly fitting cover, 
and containing some substance, such 
as strong sulfuric add or calcium 
chloride, which is a good absorbent 
of water. The general theory of its 
use will be discussed in Chapter X. 

i ^K " v^-^ — X^ I ^*^ another device which some- 

Vi^ r.. \t=^ .y i ^ i^ times becomes necessary is to absorb 

the water by means of a filter pi4)er 
or a porous plate. The finely pow- 
dered substance is manipulated by 
means of a spatula in such a manner 
that fresh portions of the mass are 
constantly brought into contact with the plate or paper; the 
capillary action of these agents gradually absorbs the adhering 
water. 




Fig. 6. — Desiccator 




The Possible Kinds of Solutions. Solutions are defined as 
homogeneous mixtures whose composition can undergo continiioua 
variation between certain definite limits. Such mixtures repre- 
senting all three states of aggregation are known. All substances 
in the gaseous state are miscible with each other in any proportions 
whatever. In the liquid state the possibihties are limited; certain 
pairs of liquids, such as alcohol and water, are capable of forming 
a continuous series of homogeneous mixtures; others, such as 
ether and water, are mutually miscible to a limited extent only. 
In the solid state the possibilities are still more limited and it was 
only comparatively recently that the existence of "solid solutions" 
was recognized. Instances in which two solids are miscible in any 
proportions whatever are known, but usually soUds are soluble 
in each other to a limited extent only. Solids which are closely 
related to each other cryBtallographically, that is, which are iso- 
morphous, usually form solid solutions with one another. Many 
solid mixtures which appear to be homogeneous can be shown by 
examination with a microscope to be very finely-grained conglom- 
erates of the constituent solids, and, therefore, are not true solutions. 

SubstEinces existing in different states of aggregation are often 
able to form solutions with each other. Gases are frequently 
soluble in both liquids and sohds up to a certain extent; liquids 
sometimes dissolve in solids to a limited extent, and solids are 
often soluble in liquids. In dealing with solutions of all classes it 
is customary to designate the substance present in relatively large 
amgunt as the "solvent" and the substance present in relatively 
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'■ small amount as the dissolved substance or "solute." If the fe 
constituents of the solution are miscible in all proportions either 
may be the solvent or the solute according to the proportions 
represented in the mixture concerned. 

Solutions of Gases in Liquids. The solubility of a gas in a 
liquid is usually expressed in terms of the volume of gas, measured 
under standard conditions of temperature and pressure, dissolved 
by a unit volume of the liquid. The gases which are most fre- 
quently dealt with in quantitative work are, with the exception of 
ammonia and the halogen acids, but slightly soluble in water, 
or aqueous solutions which do not act upon the gas chemically. 
With one or two exceptions only, the solubility of a gas in a liquid 
is decreased by increasing the temperature. The amount of gas 
dissolved by a liquid increases in direct proportion to the pressure 
of that gas in contact with the liquid except in those cases in which 
the solubiUty is very great. The complete saturation of a liquid 
with a gas requires intimate contact of the two components for 
some time, and is not usually attained unless a stream of gas is 
permitted to pass through the liquid, or unless the liquid is shaken 
with an excess of the gas in a closed vessel. 

Solutions of Solids in Liquids. The solubility of a solid in s 
liquid is expressed either in terms of the number of grams of solid 
which can be dissolved in a liter of the pure liquid, or of the number 
of grams of solute present in a liter of the saturated solution. The 
weight of solute present in a unit volume of any solution, whether 
saturated or not, is known as the "concentration." Increasing 
the temperature usually increases the solubility of solids in liquids, 
altho the increment per degree is often small; a relatively small 
number of cases are known in which the solubility decreases with 
increasing temperature. The effect of pressure upon the solu- 
bility of solids is small and unless the differences concerned amount 
to a hundred atmospheres can be neglected. 

The Speed of Solution of Solids in Liquids. The rate at 
^^hich a solid dissolves in a liquid depends primarily upon the rate 

■ I ■ 
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at which the particles of solid are taken up by the liquid, and the 
rate at which the dissolved particles pass away from the immediate 
neighborhood of the solid and diffuse into the surrounding liquid. 
Both of these factors depend upon the specific natures of the sohd 
and liquid concerned, and upon the temperature and concentrar 
tion of the solution with respect to the dissolved salt. Increasing 
the temperature increases both the rate at which the solid body is 
taken up and the rate at which the dissolved particles diffuse into 
the surrounding liquid. The rate of diffusion is further directly 
proportional to the difference between the concentration of the 
solution with respect to the dissolved salt at any two points in the 
solution. Further, the amount of surface of the solid as compared 
with the volume of liquid to be saturated and the rate at which the 
concentrations of different portions of the solution are equalized 
thru mechanical agencies greatly affect the rate at which saturation 
of the solution is effected. 

It is apparent that wherever it is desired to dissolve a given 
amount of solid rapidly the latter should be reduced to a fine state 
of di\'i8ion in order that the extent of surface presented shall be 
as large as possible, that the temperature be as high as the other 
conditions of the experiment permit, and that the solid and liquid 
be agitated violently. 

Supersaturated Solutions. Altho the rate at which a solid 
b dissolved by a liquid decreases as the concentration of the 
resulting solution increases, and becomes zero as soon as the 
BolutioD has attained a certain maximum concentration, it is 
possible, under certain conditions, to prepare solutions which 
contain more than the normal quantity of dissolved solute; such 
solutions are then designated as "supersaturated." Supersatu- 
rated solutions usually result when a solvent is saturated with a 
solute at a temperature at which the solubility is greater and the 
temperature alowly changed to that at which the solubility is less; 
or, where the solid is generated in the solvent as the result of 
changes in the composition of the liquid. The excess of dissolved 
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solute usually separates out from such solutiooa on standings 
especially if the mixture is agitated. 

Effect of Size of Particles on Solubility of Solids. The size of 
the solid particles in contact with the solvent affects not only the 
rate at which the soUd dissolves but, in some cases at least, affects 
the actual value of the solubility constant. This was clearly 
shown through a series of experiments * on the solubility of gypsum 
(CaSOj -21150) and barium sulphate in water. Solutions which 
had been thoroughly saturated thru long contact with particles 
of gypsum of moderate size were found to show a decided increase 
in concentration as soon as a small amount of more finely divided 
particles were added; on long standing, however, the very fine 
particles all disappeared, and the solubility constant attained its 
former magnitude. Solutions saturated with particles whose 
average diameter was 0.002 mm. were found to contain 2.085 gm. 
of calcium sulfate per liter; if saturated with particles whose 
I average diameter was 0.0003 mm. the concentration corresponded 
I to 2.476 gm. per liter, that is, decreasing the size of the solid 
rticles from 0.002 to 0.0003 mm. increased the solubility by 
>out nineteen per cent. Further experiments showed that with 
lolid particles whose average diameters equaled or exceeded 
0.002 mm. the solubility value remained constant and was therfr 
fore designated as the "normal solubility"; if the particles con- 
cerned were less than 0.002 mm. in diameter the solubility value 
exceeded the normal but gradually attained the normal value, and 
the very fine particles gradually disappeared. Experiments with 
barium sulfate gave still more striking results. When precipitated 
from a boiling solution the particles of salt showed an average 
diameter of 0.0018 mm. and gave a normal solubility of 0.0023 gm. 
per liter; when the particles of precipitate were reduced to 0.0001 

tmm. the solubility was increased to 0.00415 gra, per liter and with 
the naturally occurring salt, reduced to a still finer state of divintm, 
the solubility reached 0.00618 gm. per liter. 
* Hulett, Zeitechrift fUr phyaikalische Chemie, 37, 335 (1901). 
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Tiese facts explain the well-known phenomenon that particles 
of a precipitate which are too small to be retained by a filter are 
often retained on the same filter after they have been allowed to 
remain in contact with the solution for some time. It is probable 
that there is a tendency for all finely divided substances in contact 
with their saturated solutions to increase the size of their particles 
up to a certain maximuni, and for the resulting saturated solutions 
to attain a certain normal solubility. If this is generally true all 
solutions which have been saturated with a solid, some of the 
particles of which are below the normal size, are supersaturated 
with respect to the particles which exceed the normal size, and on 
standing some of the dissolved substance should be deposited upon 
these large particles; further, since the solution would then be 
undersaturated with respect to those particles which are smaller 
than the normal size, these should pass into solution. The total 
effect should be the gradual disappearance of all particles whose 
aze is below the normal. Changes of this kind are found to take 
place much more rapidly as the temperature of the mixture is 

The Molecular Weights of Dissolved Substances. It was 
first shown by Van't Hoff in 1886 that a remarkable analogy exists 
between dissolved and gaseous substances. He was able to show 
from the data available at that time that the "osmotic pressure"* 
exerted by a substance dissolved in a liquid was directly propor- 
tional to the concentration and to the absolute temperature; 
further, that the osmotic pressure of such a solution was exactly 
equal to the gaseous pressure which the solute should exert, if it 
was vaporized, and if the vapor occupied a space equal to the 
\'olurae of the solution concerned. The validity of these con- 
clusions has been tested by more recent investigators, and so far 

* The Btiident should consult some modem book on Theoretical Chemia- 
try, or the firet volume of StiepUtz' " Qualitative Analysis," for an explana- 
tion oF this term and foi a further elaboratioii of much of the matter which 
(oUowa. 
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as solutions of amaU concentration are concerned, sufficiently cou- 
finned. They render it almost necessary to assume that the 
hypothesis of Avogadro is as valid for dissolved substances as for 
gases, and hence Van't Hoff was led finally to the conclusion that 
equal volumes of solutions of different substances, which give 
equal osmotic pressures, at the same temperature, contain the 
same number of molecules. 

The most important application of these conclusions was the 
calculation of the molecular weights of dissolved substances from 
determinations of the osmotic pressures of solutions containing 
them. Owing to the practical difficulties which arise in the deter- 
mination of osmotic pressures, certain physical properties which 
are related to osmotic pressure, such as the changes in the vapor 
pressure of the solvent, and in the boiling or freezing point of the 
solution, have been more geuerally used for the determination 
of the molecular weights of dissolved substances. When these 
methods were applied to certain classes of solutions, especially to 
dilute aqueous solutions of strong acids, of strong bases, and of 
salts in general, the molecular weights obtained were less than the 
values usually assigned to these substances, in many cases ap- 
L, proximately one-half or one-third of these values. Van't Hoff was 
unable to explain these discrepancies. 

Development of the Electrolytic Dissociation Theory. In 
1887 Arrheuius noted the fact that when osmotic pressure methods 
were used for the determination of molecular weights, normal 
values were obtained for those solutions which did not conduct 
electricity, whereas abnormally low results were obtained with all 
solutions which were good conductors. It had been already shown 
by Faraday that the passage of an electric current through & 
solution was always associated with the decomposition of the 
solute into two products, one of which separated at the negative 

I pole or cathode, and the other at the positive pole or anode; and 
further, that the amount of electricity transmitted was directly 
proportional to the weights of either of the decomposition products 
k d 
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formed. These facts suggested to Arrhenius the " Eleetrolytie 
Dissociation Theory." 

According to this theory all substances which form solutions 
capable of conducting an, electric current, and, therefore, desig- 
nated as "electrolytes," do not exist in such solutions in the form 
of the original molecules, but in part at least as "dissociation 
products." These products are designated as "ions," or more 
specifically as "cations" or "anions," according to whether they 
separate at the cathode or anode during the passage of an electric 
current through the solution. The ions are either simple elements 
or combinations of elements charged with large amounts of elec- 
tricity, each cation with a definite amount of positive electricity, 
and each anion with an equal amount of negative electricity, or 
mth some simple multiple of that amount. 

According to these assumptions the abnormally low results 
obtained for the molecular weights of electrolytes is a necessary 
consequence oE the fact that such solutions contain a greater 
number of ultimate particles, that is ions, capable of affecting the 
osmotic pressure of the solution than would be present if the solu- 
tion was undisaociated. Such solutions are conductors because 
the positively charged cations are attracted by the negatively 
charged cathode and repelled by the positively charged anode, 
while the negatively charged anions are attracted by the positively 
charged anode and repelled by the negatively charged cathode. 
These attractions and repulsions cause the cations to migrate 
toward the cathode, and the anions toward the anode, that is, 
cause a flow of electricity through the solution. When the ions 
reach the surfaces of the electrodes they lose their charges, which 
change materially affects their chemical and physical properties, 
and is the cause of the phenomenon of "electrolysis." 

Composition of the Ions. The probable composition of the 
ions which are present in a solution of an electrolyte can usually 
be inferred from the composition of the substances which separate 
at the electrodes durmg electrolysis. When a solution of hyd' " 



eUoric acid is electrolyzed gaseous hydrogen separates at tn^^ 
cathode and chlorine at the anode. The simplest assumption 
which can be made ia that such a solution contains positively 
charged hydrogen ions and negatively charged chlorine ions; the 
hydrogen atoms, which result from the loss of positive charges by 
two hydrogen ions, unite to form a molecule of hydrogenj and the 
chlorine atoms, which result from the loss of negative charges by 
two chlorine ions, unite to form a molecule of chlorine. Since 
solutions of all soluble chlorides yield chlorine during electrolysis 
it is probable that all such solutions contain simple chlorine ions. 
When a solution of a strong base, such as potassium hydroxide, 
is electrolyzed hydrogen is liberated at the cathode and oxygen at 
the anode. It is probable that the solution contains positively 
charged potassium ions and negatively charged ions havmg the 
formula HO. The metallic potassium which first separates at the 
cathode at once reacts with water to form hydrogen and more 
potassium hydroxide; the negatively charged HO ions cannot 
exist independent of this charge, and unite to form water and 
molecular oxygen. All hydroxides yield solutions containing these 
ions. When a solution of copper sulfate is electrolyzed, metallic 
cop[)er separates at the cathode, and oxygea at the anode and the 
solution becomes acid. It seems probable that the solution con- 
tains positively charged copper ions and negatively charged iona 
of the formula SO4; the former yield metallic copper at the cathode, 
but as the latter cannot exist independent of their negative charge 
they decompose and unite with water, forming oxygen and sulfuric 
acid, which in turn gives hydrogen ions and SOi ions. 

A more careful study of the subject, by methods which need not 
be considered here, shows that the dissociation of even ^mple 
electrolytes may be a more complex process than the forgoing 
statements suggest. It is known, for example, that solutions of 
sulfates contain ions of the formula HSO4, in addition to SO* ions, 
also that phosphates yield ions of the formula HjPOi, HPO« and 
^^BO^. Further, certam metallic ions show a decided tendency to 



Er groups of elements such aa HjO, NH3, Clj and 
(CN).. 

In order to designate the various ions, symbols which represent 
not only their chemical composition but also the number and 
character of the charges which they carry are used. The charge 
carried by the hydrogen ion is chosen as the standard of comparison 
and represented by a single + sign written above the symbol, ions 
which carry double this amount of positive charge are represented 
by the proper symbol with the + sign written twice. Similarly, 
ions which carry negative charges equal to the positive charge of 
the hydrogen ion are represented by the proper symbol with a 
^nglc — sign written above it, those which carry twice this amount 
of charge show the — sign written twice. 

Factors Affecting the Dissociation of Electrolytes. Since elec- 
tricity is carried through a solution by the ions, not by the un- 
dissociated molecules which 'it contains, its "conductivity," that 
is its efficiency as a conductor, is a measure of the extent to which 
the electrolyte is dissociated. In comparing the conductivities 
of solutions, the relations are greatly simplified if concentrations 
are expressed in terms of gram molecules or "moles" per liter, 
that b, if the weight of solute per liter is divided by the molecular 
weight of the solute concerned. 

When the conductivitira of solutions, which contain the same 
number of moles of various electrolytes per liter, are measured in 
the same apparatus and under identical conditions very different 
values are obtained. These differences have been shown to be due 
in part to variations in the speed with which the different ions 
travel when attracted by a charge of the same intensity, and in 
part to the fact that the different electrolytes are not dissociated 
to the same extent. 

When the conductivities of solutions containing different con- 
centrations of the same electrolyte are measured under identical 
conditions, and the results are divided by the respective concentra- 
tions it is found that the quotients obtained for the weaker solu- 
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tions exceed those obtained for the stronger solutions. This seems 
to mean that the percentage of electrolyte which exists in the 
dissociated condition is greater in dilute than in concentrated 
solutions. It has been shown, however, that altho the conductivi- 
ties of all electrolytes increase as the concentration of the solution 
decreases, the conductivity attains a definite limiting value at a 
certain concentration which is not changed by further dilution. 
It seems probable that this limit, corresponding to the so-called 
"maximum conductivity," represents the conductivity of the 
completely dissociated electrolyte. If this conclusion is accepted 
the ratio between the conductivity of a solution of any electrolyte 
and the maximum conductivity of that electrolyte is a measure of 
the "degree of dissociation" of the electrolyte in the solution 
concerned. 

Extent to Which Different Electrolytes are Dissociated. 
Some of the results, showing the extent to which solutions contain- 
ing different concentrations of a number of electrolytes are dis- 
sociated, which were obtained by the method just outlined, are 
given in the accompanying table.* The first column gives the 
concentrations in moles per liter, the remaining colunms the per- 
centage of dissociation of the given reagents at different con- 
centrations. It is now known that the method here used 
gives results which are only rough approximations of the correct 
values for solutions whose concentrations exceed molar, prob- 
ably owing to the resistance offered by large concentrations (rf 
non-ionized molecules. 

The differences between the percentages given for strong acids 
like nitric, hydrochloric, and sulfuric and a weak acid like acetic are 
striking, even where the concentrations are below molar. Simi- 
lar differences are shown between the figures for a strong base like 
potassium hydroxide, and a weak base like ammonium hydroxide. 
They are found to be characteristic of all acids and bases and 
there is abundant evidence for the statement that what is com- 

* From data of Kohlrausch and Holbom, Leitvermogen der Electroljrte, 160. 
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monly known as the "strength" of an acid or base depends upon 
the extent to which it is dissociated at different concentrations. 

The table shows further, that sodium chloride resembles the 
strong acids and bases rather than weak ones, and a large amount 
of experimental work is available which shows that most salts, 
with the exception of mercuric cyanide and certain other salts of 
mercury and cadmium, are largely dissociated. 

It has also been shown that water possesses the property of 
causing solutes to dissociate to a greater extent than any other 
solvent ; alcohol possesses this property to some extent, but the re- 
maining organic solvents yield solutions which are non-conductors. 

Importaoce of the Electrolytic Dissociation Theory. This 
theory Is of especial importance in the study of quantitative 
analysis owing to the fact that many of the chemical reactions 
upon which quantitative processes are based are reactions between 
electrolytes, and there are decided differences between reactions of 
this type and those in which electrolytic dissociation plays no part. 
In general, the ions possess a much greater chemical activity than 
undissociated molecules, and the extent to which two reagents 
react with each other, and the speed with which they react is often 
largely determined by the extent to which these reagents or the 
products which result from their mteraction are dissociated. 

The theory enables us to understand a large number of facts 
which are difficult to explaui on any other basis, and to predict 
with a fair degree of certainty many effects which can be used to 
advantage in analytical chemistry. 




CHAPTER V 

THE FACTORS WHICH DETERMINE CHEMICAL EQUILIBHIUM 

Equilibrium and Reaction Velocity. When two substances 
react chemically they are in a condition of iinatable equilibrium 
with respect to each other; when no further changes in the relative 
masses of these substances are taking place, "equilibrium" has 
been reached. This condition is also defined by the statement 
that the "reaction velocity" is zero, where the term reaction 
velocity ia defined as the mass of one or both of the original sub- 
stances transformed into new substances during some unit of time. 
The velocity of many chemical reactions, especially those desig- 
nated as "explosive" must be expressed by very lai^e numbers, 
even when the imit of time adopted is the second; that of other 
reactions is so small that the day is the more convenient unit to 
mploy. Most of the reactions which are of importance in quan- 

k titative analysis have velocities which are too great to be deteiv 
i with even approximate accuracy. 
Homogeneous and Heterogeneous Equilibrium. In discuaa- 

f ing the subject of chemical equilibrium and reaction velocity a very 
important factor to be considered is whether all the reacting 
substances, and all of the products of the reaction, exist in the same 
phase and the nature of this phase. (For a definition of the 
term phase see page 3.) If all the substances concerned are 
gases, or if all remain dissolved in the same liquid phase thruout 
the reaction period, their respective concentrations remain uni- 
formly distributed thruout the entire mass, and the resulting 
equilibrium is called "homogeneous." If the reacting substances 
exist as two distinct phases, or if two distinct phases result as the 
reaction progresses, the resulting equilibrium is called " hetero- 
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geneoufl." In homogeneoas equilibrium the reaction velocity is 
uniform at all points thruout the reacting mass; in heterogeneous 
equilibrium the reaction velocity may differ in the different phases, 
and may be reduced to practically zero except at the surfaces of 
contact between the different phases. 

A condition of perfect equilibrium between the different phases 
of a heterogeneous system must result if they are allowed to remain 
in contact for a sufficient length of time, but the extent of the 
surfaces of contact between these phases and the rates at which 
the products of the reaction diffuse away from the iomiediate 
neighborhood of these surfaces materially affect the time needed 
for the establishment of this equilibrium. 

Factors Affecting Chemical Equilibrium. There are four fac- 
tors which materially affect the direction and rate of progress of 
chemical reactions: first, the chemical properties of the reacfii^ 
substances; second, the concentrations of the substances taking 
part in the reaction; third, the temperature; and fourth, the 
pressure. 

As r^ards the first of these factors our present knowledge 
su^ests the theory that among the other specific properties with 
which every substance is endowed is a certain intensity of chemical 
energy or chemical potential, and in general, any two substances 
tend to react with each other to an extent directly dependent upon 
the difference between the intensity of the chemical energy asso- 
dated with them. In other words, there is a universal tendency 
for the equalization of chemical intensities just as there is a uni- 
versal tendency for the equalization of heat intensities, and no 
reaction takes place which does not involve a reduction in the 
chemical potential of the mixture. 

The action of the second factor is expressed in the "Law of 
Mass Action," which states that the speed of the reaction between 
any two substances in a mixture is proportional to the product of 
the concentrations of those substances in that mixture, where the 
concentrations are expressed in moles per unit volume. According 




QUANTITATIVE CHEMICAL ANALYSIS ' 

this law the expression for a reaction between the substances 
and B which unite to form the substances P and Q is 

(CJ-(C.)'-i-(C,)..(C,)..t'. 

In this expression (C^), etc., represent the concentrations of these 
molecules; a, b, etc., the number of molecules of these substances 
concerned in the reaction; k a constant representing the speed of 
the reaction between A and B; and k' a constant representing the 
speed of the reaction between P and Q. Since k and k' are both 
constants the expression can be simplified by dividing by &' and 
substituting K f or A; -^ k'; it then becomes ^^ 

„_ (Cf)>.(c,)» H 

(CJ--(C,)>' ^ 

; might have been simplified by dividing by k, in which case 
-!-k or K would have a value represented by the reciprocal of 
lat given in the above expression. Thruout this book the former 
icedure will be employed, that is, where K is referred to, it should 
e understood to represent the constant obtained when K appears 
1 the left of the sign of equality in the mass law expression. 
It is evident that K represents a ratio, whose value depends on 
e specific properties of the four substances A, B, P and Q, and 
t upon the concentration in which any one or two of them exist 
t the mixture. If a mixture is made in which (C/.)"- (Cg)' -s- 
P^)° • (Cb)* exceeds K, (C^) and (C5) must increase, and (Cp) and 
must decrease until the mass law expression is satis6ed, 
lat is, the reaction must progress from right to left. If this 
[Uotient is less than K the reaction must progress from left to 
In general, if the value of K is large the predominating 
mdency is for the reaction to proceed from left to right; if it is 
i small fraction of unity the predominating tendency is for it to 
rogress from right to left. Since the value of K determines to a 
i^e extent the direction in which reactions progress it is called 
3ie "reaction constant" or "equilibrium constant." 



The effect of temperature upon a reaction depends upon whether 
it absorbs or bberates heat. Increasing the temperature displaces 
the equihbrium in the direction of that reaction which absorbs 
heat, that is, it increases K if heat is absorbed when the reaction 
progresses from left to right; it displaces equilibrium in the 
reverse direction if heat is given out, that is, it decreases K if heat 
is liberated when the reaction progresses from left to right. 

The effect of pressure upon a reaction depends upon whether 
the volume of the reacting mass is increased or decreased as the 
reaction progresses. If it is decreased, increasing the pressure 
favors the reaction, and increases the value of K; if it is increased 
it. inhibits the reaction and decreases the value of K. The volume 
ihanges in reEietions in which only sohd and liquid phases are 
concerned axe so small that they have an inappreciable effect upon 
the value of K. When gases are produced or absorbed as the 
reaction progresses pressure has a large effect upon the value of K. 

An Illustration of Homogeneous Equilibrium. The manner 
in which the factors named in the preceding section affect a simple 
reaction involving homogeneous equilibrium can be most ettsily 
comprehended by considering a specific case, such as the action 
between acetic acid and ethyl alcohol. These substances as well 
as the products of their interaction are soluble in each other to an 
d extent. When acetic acid is added to alcohol the reault- 

g reaction is represented by 

(C!H()HO + (CH3)C00H-* (C,H.)COO(CHa) + HjO. 

* K water is added to ethyl acetate, alcohol and acetic acid are 

I produced, that is, the reaction progresses in the reverse direction 

. , when the concentrations of water and ethyl acetate are large. If 

either of the two mixtures are allowed to stand until equilibrium 

has been attained the concentrations of the four sutetances in the 

Immixture must be in accord with the expression 

HL „_ (C«Hb02) ■ (HaO) ^ 



I 
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in which, and in all of the subsequent pages of this book, a chemical 
formula enclosed in brackets designates concentrations of the 
corresponding substance expressed in moles per liter. The value 
of X in this expression has been found to be 4 and it is easy to 
calculate the composition of the mixture which results when known 
quantities of alcohol and acetic acid or of ethyl acetate and water 
are mixed. Suppose we make a mixture of 240 gm. of acetic acid, 
138 of alcohol and 54 of water. If we represent the voliune of the 
mixture before any action takes place by V then (CaH|Oa) in that 
mixture is 240 -^ 60 F or 4 -^ F, (CjHsO) is 138 -^ 46 7 or 3 ^ 7 
and (HiO) is 54 -H 18 F or 3 -^ F. 

If X represents the moles of ethyl acetate present after equilib- 
rium has been attained, x also represents the moles of water pro- 
duced by the reaction, also (4 — x) the moles of acetic acid and 
(3 — x) the moles of alcohol left uncombined. If we represent 
the final volume of the mixture by V the mass law expression 
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4-a: Z-x . x_ 3 + x 
V ' V ■*"7'* V' ' 
fromwhich48-28j; + 4x* = 3x + x=. 

When solved for x the latter is found to have the value 1.9 which 
means that the final mixture contains 1.9 X 88 or 167.2 gm. of 
ethyl acetate and 54 + (1.9 X 18) or 88.2 gm. of water. 

Since the formation of ethyl acetate and water liberates heat, 
increasing the temperature decreases the value of K and decrease; 
the amount of ethyl acetate and water produced. 

Since no gases are either produced or absorbed, pressure has do 
appreciable effect upon the value of K and does not affect the 
amount of ethyl acetate and water formed. 

Reversible and Irreversible Reactions. In the reaction dis- 
cussed in the previous section the constant K has a moderately 
large value; this means that altho the tendency for the reactJOD 
to progress in one direction preponderates over its tendency to 
progress in the reverse direction, both tendencies are recognisable. 
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and where equivalent concentrations of the reacting substanceB 
are used, lai^e concentrations of all four substances are present in 
the resulting mixture. Such reactions are spoken of as "rever- 
able." 

In many reactions, however, the value of the constant K is 
either very large or small; this means that the tendency for the 
reaction to progress in one direction greatly preponderates over 
the reverse tendency, and with equivalent concentrations of the 
reacting constituents, conversion into the resulting products is 
practically complete. Such reactions are spolten of as "irre- 
versible," altbo strictly speaking, all reactions are to be regarded 
as reversible to some degree even tho it may be difficult to 
recognize the fact experimentally. Most quantitative processes 
which depend upon the employment of chemical reactions are 
inaccurate unless the substance under treatment ia almost com- 
pletely transformed into the desired compound, and reactions 
whose constants are large are the only ones which can be em- 
ployed to advantage in such processes. The factors already dis- 
cussed may be used to assist in displacing the equilibrium of 
reversible reactions in the desired direction. 

Reactions Involving Heterogeneous Equilibrium. The factors 
which affect chemical reactions also affect the processes of evapora- 
tion and solution, and the simplest illustrations of heterogeneous 
equilibrium are those in which two phases containing different 
concentrations of the same substance are in equilibrium with each 
other. This is true of a solid or liquid which is in equilibrium with 
its vapor, or of a solid which is in equilibrium with a solution. All 
such systems conform to a very simple law, namely, that the ratio 
between the concentrations of the substance concerned in the two 
phases is con.'^tant for any given temperature. When, for example, 
a solid substance is brought into contact with a liquid it continues 
to dissolve until the solution is saturated, that ia, when equilibrium 
between the two phases has been attained the solution contains 
a fixed concentration of the dissolved substance, and since the 
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solid phase represents the pure substance its concentration does 
not vary, but depends only upon its specific gravity. Hence the 
general expression for the equilibrium condition becomes 

in which C represents the concentration of the saturated solution. 
The more complex examples of heterogeneous equilibrimn will be 
discussed in Chapters X, XVI and XXXII. 

Reaction Velocity and Catalysis. The speed with which a 
reaction progresses depends upon the specific properties of the 
reacting substances and their concentrations; in general, it is more 
than doubled for every increase of 10*^ in the temperature of the 
reacting mass. 

The reaction velocity of certahi processes is increased in an 
abnormal manner by certain substances and decreased by others. 
The former class of substances are known as positive — and the 
latter as negative — catalyzers. Very small concentrations of a 
catalyzer may produce very marked effects, and as they do not 
suffer an appreciable change in concentration they must act 
indirectly, that is, form one or more intermediate compounds with 
the reacting substances which at once decompose into the original 
catalyzer and the desired end product. According to this theory 
the velocity of the reaction is increased because the velocities of 
the intermediate reactions greatly exceed that of the direct reaction 
between the original substances. They have no effect upon the 
value of the equilibrium constant, but increase the speed at which 
a condition of equilibrium is attained. 




CHAPTER VI 

THE CHEMICAL ACTIVITY OF ELECTROLYTES 

Preliminary Statements. In outlining the general principles 
which determine reaction velocity and equilibrium in the previous 
chapter the possibiUty of electrolytic dissociation was not consid- 
ered. The principles there set forth are universally valid, and if 
the dissociation theory is also accepted it becomes necessary to 
point out how these principles should be applied to the study of 
reactions between electrolytes. Since, according to this theory, 
the ions possess a greater chemical activity than the original 
molecules, the concentrations of the ions should determine the 
nactioa velocity and the resulting equilibrium, to a greater extent 
than the concentration of the original molecules. Experience 
oonfinns this suggestion, for a great variety of well-established 
facts show that the chemical properties of solutions of largely 
dissociated electrolytes can be most easily understood by assuming 
that these properties depend upon the concentrations of the ions 
which they contain. 

The Law of Electro-neutrality. Whenever a compound un- 
dergoes electrolj-tic dissociation the quantity of positive electricity, 
which is associated with the resulting cations, exactly equals the 
quantity of negative electricity, which ia associated with the 
resulting anions, and the solution obtained is, therefore, electri- 
cally neutral. The quantity of positive charge which is associated 
with the hydrogen ion is fixed and invariable; all other cations 
bear positive charges, which are either equal to, or simple multiples 
of. tills charge; all anions bear negative charges which are either 
equivalfflit to the positive charge associated with the hydrogen ioa, 
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or to simple miUtiples of it. The value of these multiples is 
detennined in all cases by the valence of the element, or the com- 
bination of elements representing the composition of the ion, in 
the undiasociated molecule. Those elements which form com- 
pounds representing different degrees of oxidation also form iona 
associated with different amounts of electrical charge, and the 
properties of such ions depend upon the charges with which they 
are associated. Thus the cation which results from the dissociar 
tJon of a ferrous salt differs from the cation resulting from the 
dissociation of a ferric salt, In that the fonner consists of an iron 
atom associated with two positive chaises, the latter of an iron 
atom associated with three positive charges. 

When solutions contmning different electrolytes are brought 
together various changes may take place. Certain ions which 
possess but slight affinity for their charges may give them up to 
other elements or groups of elements and form more stable ions. 
Certain di- or tri-valent ions may lose a half or a third of thor 
charges, or certain uni- or di-valent ions may take up charges and 
become di- or tri-valent. In other instances certain charges may 
disappear entirely from the solution. The law of electro-neutrality 
requires that, whatever the character or complexity of these 
changes, the solutions must remain electrically neutral; that ia, 
wherever positive charges disappear, an equivalent number of 
n^ative charges must disappear simultaneously; and wherever 
positive chaises are added to the solution, equivalent amounts of 
negative charges must be added to it at the same time. 

The Chemical Activity of Acids. All acids which dissociate 
to an appreciable extent, produce corresponding concentrations 
of hydrt^en ions, and the characteristic properties of aqueous 
solutions of this class of substances are dependent upon this fact. 
In so far as these general properties are concerned, the element or 
combination of elements with which the hydrogen is combined 
in the undissociated molecule is of importance mainly in that it 
I determines the extent to which the acid undergoes dissociatioD 
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when dissolved in water. Thus the chlorine atom possesses a 
greater affinity for a negative charge than the CaHjOj group, hence 
the sum of the forces which tend to bring about dissociation of the 
hydrochloric acid molecule will exceed the sum of the forces which 
tend to bring about dissociation of the acetic acid molecule; since 
solutions of both acids must remain electrically neutral, the con- 
centration of the hydrogen ions in a solution of hydrochloric acid 
must exceed the concentration of the hydrogen ions in solutions 
of acetic acid of eqiuvalent concentration. 

The chemical activity of an acid can be measured by determining 
the rate at which solutions containmg known concentrations of 
the acid in question affect certain chemical transformations. The 
chemical activities of solutions containing equivalent amounts of 
awne of the more important acids have been determined by a 
variety of methods, and the differences in the values thus obtained 
are found to agree at least approximately with the corresponding 
variations in the concentrations of the hydrogen ion present, as 
calculated by the method described on page 40. The conduc- 
tivity of an aqueous solution of an acid containing one equivalent 
ia grams per liter is, therefore, a measure of its "strength." The 
comparative conductivities of some of the more important acids 
are given in the following table in which the conductivity of 
hydrochloric acid haa been arbitrarily given the value of 100. 



I 



Hydrochloric acid . . . 
Hydrobromic acid . . . 

Nitric acid , 

Sulfuric acid 

Oxalic acid 

Phosphoric add 

Araenicacid 

Fonnic acid 

Acetic acid 

Succinic add 

Tri-chlor acetic acid . . 



These numbers relate to normal concentrations only, and increas- 
ing or decreasing the concentration does not increase or decrease 
^be conductivity, and, therefore, the strength of the solution to 
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a corresponding degree. The concentration of the hydrogen ion 
present in any solution of an acid equals the product of the numbers 
representmg the concentration of the acid, in gram equivalents 
per liter, and the degree of dissociation of the acid at that concen- 
tration. Since the degree of dissociation increases with the dilu- 
tion the series of numbers given in the table should become more 
nearly equal with decreasing concentration. The highest attain- 
able concentration of hydrogen ion is found in a solution of nitric 
acid having a specific gravity of L19; this solution contains about 
31 per cent of HNOs, of which about 35 per cent is dissociated, 
hence the concentration of hydrogen ion represented by such a 
solution is about 2 gm. per liter. 

The non-acidic properties of solutions of acids are determined 
by the concentrations of the anions present, and, also, especially 
with those acids which arc but slightly dissociated, upon the un- 
dissociated molecules, whose chemical activity cannot be entirely 



The Chemical Activity of Bases. All bases which dissociate 
to an appreciable extent produce corresponding concentrations of 
the hydroxyl (HO) ion, and this fact determines the characteristic 
properties of aqueous solutions of this class of substances. The 
extent to which different bases dissociate depends upon the nature 
of the cation to which they give rise, or more specifically upon the 
strength of the affinity of the cation for its positive charge. The 
chemical activities of solutions containing equivalent concentra- 
tions of different bases have been determined by methods similar 
to those used in the study of acids. The results show a substantial 
agreement between the chemical activity and the degree of dis- 
sociation, that is the "strength" of a base is determined by the 
concentration of the hych-oxyl ion which results when it is dissolved 

tin water. The comparative conductivities of fortieth normal solu- 
tions of some of the more common bases are represented by 
the numbers of the following table, in which the nmnber 100 has 
|«en arbitrarily assigned to potassium hydroxide. 
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_ _tassitun hydroxide 100 

Sodium hydroxids 92 

Lithium hydroxide - 88.2 

Ethyl amine 12.46 

Ammonium hydroxide 2.53 

The Chemical Activity of Salts. The salts of most acids and 
bases are lai^ely disBociated in aqueous Bolutions of moderate 
concentration, hence the concentrations of the anions or cations 
present in solutions containing equivalent concentrations of salts 
of the same acid or base are more nearly equal, and the chemical 
properties of such solutions are more nearly uniform; Certain 
salts, especially certain salts of mercury and cadmium are peculiar 
in that they ionize to a slight extent only, and as a consequence 
the reactions of these salts are somewhat anomalous. The phe- 
nomenon of "hydrolysis," which will be discussed in a succeeding 
sectdoD, is the cause of marked peculiarities in the chemical prop- 
erties of certain salts. 

Dissociation in Solutions Containing a Single ElectrolTte. 
The dissociation of an electrolyte should obey the law of mass 
action. The general expression representing the dissociation of 
a molecule AB, which yields two ions A+ and B', is: ^^1 

(AB).fc-(A+).(B-), or 4 - ^^|3. ^ 

The value of fc m this expression depends upon the specific prop- 
erties of the electrolyte and the temperature; it expresses the 
tendency of the electrolyte to undergo dissociation, and is generally 
known as the "dissociation constant." 

It was noted in Chapter IV that the degree of dissociation of 
an electrolyte increases with the dilution, and an expression which 
represents the effect of dilution on dissociation can be derived from 
the mass law. If we represent the concentration of an electrolyte 
which dissociates into two ions by a and the fraction of it which is 
dissociated by x, ax must represent the concentration of both anion 
i cation Mid (a — ax) that of the undissociated electrolyte. If i 
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the volume of solution be represented by V the mass law expressitm 
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This formula, which was first proposed by Ostwald, has been 
tested by determining the effect of dilution on the conductivity 
of a long aeries of electrolytes. When the value of A: waa calculated 
from these determinations it was found to be nearly constant for 
all the weaker acids and bases, but was found to decrease decidedly 
with dilution for the strong acid and bases, and for most salts. 
This means that the dissociation of those electrolytes which are 
largely dissociated does not increase with the dilution as much as 
the law of mass action demands. Several modifications of the 
expression designed to more accurately represent the effect of 
dilution on the dissociation of these electrolytes have been sug- 
gested; they all contain one or more empirically determined 
constants and need not be considered here. 

The use of the expression given can be shown by a simple illus- 
tration. Let us suppose that we have two liters of a solution which 
contains 20 gm. of acetic acid and let us represent the fraction 
dissociated by x. Then the number of moles present if there were 
no dissociation would be 20 -i- 60, or 0.333, and both H"*" and 
CiHgOs" are represented by 0.333 x, while CsH^Oa is represented 
by 0.333 — 0.333 a:. The dissociation constant of acetic acid has 
the value 1.8 X 10~^; by making the proper substitutions in the 
general equation we get 

(0.333 z)= 



(0.333- 0.333 3;)2 ' ^'^ X l**"'. 



0.333 x^ + 3.6 X 10-^ a: = 3.6 X 10-^, 

from which we obtain x = 0.0108. 

Hence the degree of dissociation and the concentration of the ions 

■■- any solution of such electrolytes can be calculated if the con- 

iTAtion and dissociation constant are known. It might 1 



I 

e ions \ 
le con- I 
ght b^ 



THE CHEMICAL ACTIVITY OF ELECTROLYTES 55 

noted that when the total conceDtration of the electrolyte is I, 
and k has a small value the value of i is approximately equal to the 
square root of k. For instance, the concentration of H+ in a, 
normal solution of acetic acid is 

1 X (1.8 X 10-")^, or 0.00425. 

Dissociations in Solutions Contaimng Two Electrolytes Which 
Yield a Common Ion. It can be shown that when two solutions 
which contain equal concentrations of the same ion are mixed in 
any proportions whatever, the dissociation of the two electrolytes 
in the resulting mixture satisfies the law of mass action if the con- 
centration of the common ion remains unchanged. Such solutions 
are designated as "isohydric." Solutions of the two electrolytes 
are isohydric when the product of the concentration of the elec- 
trolyte and its degree of dissociation at this concentration is the 
same for both solutions, When both electrolytes are but slightly 
dissociated solutions of them are approximately isohydric when 
their concentrations are inversely proportional to their dissocia- 
tion constants. 

When solutions which are not isohydric are mixed, changes in the 
dissociation of both electrolji/es are inevitable. In such mixtures 
the concentration of the common ion represents the sum of the 
concentrations due to the dissociation of both electrolytes. If C 
represents the total concentration of one electrolyte and C that of 
the other, and X and Y their respective degrees of dissociation, 
the concentration of the common ion is (CX + C'F), and assuming 
that they are both weak electrolytes the following expressions are 
true. 

(3) t = ??^^^+^ = j^ ^cx + c.y). 

fif we divide (3) by (4) we obtain 

^ . y ..,,.u 

l-Xl-Y-"-"' 




p 
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[that IB, the ratio of the dissociated to the undissociated molecules 
of one electrolyte bears the same relation to the corresponding 
ratio for the other, as the dissociation constants of the respectiye 
electrolytes bear to each other. 

If it is assumed that the second electrolyte is added as a solid, 
so that the change in volume is eUminated, a reduction in the , 
degree of dissociation of the first electrolyte must take place; 
this change will be large in proportion as the dissociation constant 
of the added electrolyte is large as compared with that of the 
original electrolyte. The degree of dissociation of the added 
electrolyte must be less than it would have been if added to the 
same volume of water, and the reduction will be large in proportion 
as the dissociation constant of the origmal electrolyte exceeds 
that of the added electrolyte. 

If the second electrolyte is added in the form of a solution the 
effect of dilution on the dissociation of both electrolytes must also 
be considered. The action of either electrolyte upon the dissocia- 
tion of the other is large in proportion as the composition of the 
two solutions differ from that of isohydric solutions. 

The " Repression of Ionization." The most important prac- 
tical result of the above discussion is to give a better under- 
standing of the phenomenon now known as the "repression of 
ionization." The chemical activity of certain rcEigents is greatly 
diminished by the addition of certam electrolytes which yield a 
common ion. The addition of potassium acetate to a solution of 
itic acid greatly reduces the acidic properties of the latter; the 
Idition of ammonium chloride to a solution of ammonium hy- 
ide also reduces the basic properties of this reagent. In both 
the reagents added have large dissociation constants, and 
oripnally present have small ones. If the solution of potas- 
lum acetate added contains a greater concentration of CsHsOi 
than the acetic acid solution, the degree of ionization of the 
er must be reduced, and the concentration of the hydrogen 
X the resulting mixture must be less than that of the original 
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solution. Similarly, if the solution of ammonium chloride added 
is sufficiently concentrated to yield a greater concentration of NH* 
ion than the ammonium hydroxide solution, the degree of ioniza- 
tion of the latter, and hence the concentration of the hydroxyl 
ion, must be reduced. 

Reactions Between Electrolytes Which Do Not Yield a Com- 
mon Ion. The most important effects to be considered here 
result from the formation of entirely new compounds. If both 
electrolytes yield one anion and one cation at least two undis- 
eociated molecules, in addition to the two undissociated molecules 
present in the original solutions, should exist in the resulting 
mixture. The concentrations of these molecules will depend for 
the most part upon their respective dissociation constants. If 
these constants are large their concentrations will be very small, 
and the resulting mixture will retain for the most part the com- 
bined properties of the two constituent solutions. If, however, 
one of these constants is small this favors the formation of the 
new molecule at the expense of the ions concerned. 

Reactions which Involve the Formation of Water. Pure water 
dissociates into hydrogen and hydroxyl ions to a very slight extent 
only; the value of its dissociation constant is I X 10~". When 
an acid is added to a base, water and a salt are formed. If both 
acid and base are strong, and the concentration of the resulting 
mixture is small, their dissociation may be considered complete, 
and with but few exceptions the dissociation of the resulting salt 
can al.so be considered complete. The essential feature of the 
reaction therefore is the disappearance of hydrogen and hydroxyl 
ions and the formation of water; the concentrations of the anion 
of the acid and the cation of the base remains practically constant. 
Hence the reaction is expressed by 

(HaO) 



H. + HO->HA and K ^- ^^^^j^y 
Since (H-0) -^ (H+) (HO") is the reciprocal of the expression 



of water, K has the valm 
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1 ■^ 1 X 10~" and therefore all reactions of this type are very 
nearly complete. 

If both acid and base are but partly dissociated the reaction con- 
stant may have a small value only. The most important equilib- 
rium concerned in such reactions is expressed by 

ROH + HA-^HaO + R+ + A" 

in which ROH represents a weak base and HA a weak acid. 
Three other relations must also exist in the final solution, namely: 

(a) (R^) (H0-) _ J. ,1,) (H^)(A-) _fc r^) (HH-)(HO-) _ 
^*^ (ROH) *" ^'^^ (HA) ''" ^^^ H2O *•• 

If we multiply (a) by (b) and divide by (c) we obtain the expression 

(R+) (A-) (HaO) _ k^ _ 
(ROH) (HA) *„, 

This expression shows that the value of the constant for this class 
of reactions depends upon, and can be calculated from, the disso- 
ciation constants of the acid and base and of water. If the acid 
is strong its dissociation constant can be represented with ap- 
proximate accuracy by one, and the general expression becomes 

U the base is strong its dissociation constant can be represented 
with approximate accuracy by one, and the general expression be- 
comes 

Hydrolysis. This represents the converse of the class of reac- 
tions just considered. It is expressed by 

(R+) + (A-) + H2O -> (ROH) + (HA). 
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e value of K for such reactions is evidently the reciprocal of that 
representing the formation of a salt and water from a weak acid 
and a weak base, namely, 

Evidently K has a maxinium value when k^ and h are both very 
small, but it may be moderately large when either of them has a 
value which approaches that of K. 

The effect of hydrolysis is most striking when the salt yields 
either a strong acid and a very weak base, or a strong base and a 
very weak acid. In the former case the solution contcuns a con- 
centration of hydrogen, and in the latter case of hydroxyl ion, 
which is directly proportional to the extent to which the salt is 
hydrolyzed, and for this reason solutions of salts representing 
combinations of strong acids and weak bases show acidic properties 
and solutions of salts representing combinations of strong bases 
and weak acids show basic properties. If the dissociation con- 
stants of the acid and base formed have the same value the solution 
will contain equivalent concentrations of hydrogen and hydroxyl 
ions and hence, such solutions are neutral even though the salt is 
hydrolyzed to a much greater extent than when one (Association 
constant is large and the other small. 

Reactions Involving the Displacement of One Acid or Base 

by Another. When a salt which represents the result of the 

combination of a base with a weak acid is treated with a second 

acid a reaction becomes possible which is represented by 

(R+) (A-) + (HAj) ^ (R+) -1- (Ar) + (HA) 

L (A,-) (HA) 

■ "^ (A-)(HAj)* 

^■ootheri 
I (a) 



D other equilibria must exist in the resulting solution, name^, 
!H^)(A.-) _, ^ ,„ (H*)(A- 

(HA,) """ ™'* '"' (HA) 



i 
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K we divide (a) by (b) and eliminate (H) we obtain 

(Aa-) (HA) ^ AiHA. ^ g. 
(A-) (HA2) Aha 

• 

Hence the completeness of such reactions increases in proportion 
as the dissociation constant of the added acid exceeds that of the 
acid from which the original salt was formed. If the dissociation 
constant of the added acid can be represented with approximate 
accuracy by one, the value of K becomes the reciprocal of the 
dissociation constant of the acid from which the salt was formed. 

Similarly it can be shown that the reaction constants of those 
processes which involve the displacement of one base from a salt 
by a second base depend upon the ratio of the dissociation constant 
of the second base to that of the base from which the original salt 
was formed. 

Reactions Involving the Formation of Complex Ions. Certain 
reactions depend upon the tendency which certain ions possess of 
combining with other ions or non-ionized molecules to form com- 
plex ions. For example, when a soluble silver salt is added to a 
soluble cyanide a reaction takes place which is represented by 

Ag+ + NO3- + 2 K+ + 2 CN- -> Ag(CN)2- + K+ + NOa" 

The essential feature of this process is the formation of AgCNj" 
from Ag+ and 2CN~, a process which involves the loss of one 
positive and one negative charge. The mass law requires that 

(Ag(CN)2)- _ ^ 
(Ag-^) (CN)2- ^• 

K is here a constant which is a nmnerical expression for the tendency 
of the complex ion to form and may be designated as the "complex 
ion constant." in this example it has a very large value, namely, 
1 X lO^S and hence the reaction is practically a complete one. 



CHAPTER VII 

METHODS OF PRODncmO AND APPLYING HEAT 

Sources of Heat Used. Many quantitative operations depend 
for their success upon the maintenance of definite temperatures 
for either long or short time intervals. The range of temperatures 
used is wide, and a great number of devices become desirable or 
necessary if eflaciency and speed are to be attained. Altho it costs 
less under normal conditions to produce heat by the consumption 
of gas than of electrical energy, the latter method is more directly 
and easily controlled, and frequently the difference in cost is more 
than offset by the greater certainty with which it can be used, and 
the absence of undesirable products of combustion. 

Heating with an Electric Current. The amount of heat pro- 
duced by the passage of a current through a resistor varies with 
the product of the resistance offered and the square of the current 
transnaitted, and, therefore, depends upon the current strength 
to a greater extent than the resistance. Various materials are 
used as resistors in constructing devices for this purpose; the 
most convenient are certain alloys, such as German silver, monel 
metal, and nichrome, which possess a high specific resistance, a 
high melting point and ability to resist oxidation at high tempera- 
tures. The alloy last named possesses all of these properties to 
a maximum degree and can be obtfuned at small cost in wire or 
ribbon of any desired size. 

In constructing an electric heating device the factors of greatest 
importance are the voltage of the current available, which may be 
either direct or alternating, the masses and specific heats of the 
Bubetances used in its construction, the losses from radiation, and 
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the temperature wlucbjt b dedred to attdn. If the voltage is 
fixed the length sod size of the wire used as a resistor are the 
eas^ttial features to be decided on, and, owing to the large number 
oi variablea concerned, this mu^ be detennined by experiment 
rather than by calculation. It may be noted, however, that a 
long piece of coarse wire fonns a more durable resistor than a short 
piece of fine wire which has an equal resistance. The temperature 
attained with such de\-ices is fairly constant so long as the voltage 
and radiation losses are constant. It can be reduced by reducing 
the voltage, and b therefore easily regulated, that is for tempera- 
tures attained with the maximum voltage, by introducing a rheo- 
stat in the circrnt. 

Devices Used for Evaporatioa. The evaporation of solutions 
rarely necessitates the use of temperatures greatly in excess of 
100°. Temperatures somewhat below tbb point, but sufficient 
for the evaporation of most aqueous solutions, are conveniently 
attained by the use of a "steam bath," that U, a vessel in which 
water b made to boil vigorously, either by a coil of steam pipes or 
by the flame of a gas burner, and which has a cover provided with 
openings for the receptions of the vessels containing the solutions 
to be evaporated. A bath of a suflScient size to accommodate a 
large num}>er of such vessels is an essential part of the equipment 
of a quantitative laboratory. It has 
the great advantage of keeping the 
solutions at a uniform temperature 
well below the point at which mechan- 
ical losses are to be anticipated. 

Direct heating of the vessel contain- 
ing the solution by a flame b usual^ 
avoided by interposing a plate of 
metal, forming a "hot-plate," or a 
Pig. 7.-Sand Bath ^^^^ gjj^j ^^j^j^ ^^^^ forminga " Band 

bath," between the flame and the vessel. A sand bath of this 
X is represented iu Fig. 7. It gives a higher temperati 
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f and, therefore, more rapid evaporation than the steam bath, and 
can be controlled by varying the gas suppHed to the burner or the 
thickness of the layer of sand used. It is especially useful where 
the liquid is retained in a flask and gentle ebulhtion is not 
objectionable. 

When it becomes necessary 
to attain atill higher tempera- 
tures, as in the evaporation of 
sulfuric acid, the vessel contain- 
ing the substance to be evapo- 





Fig. 8. — Asbestos Muffle Fig. 9. — Air Bath 

rated may be placed inside a "muffle," that is, an outer shell which 
protects the inner vessel from the flame and permits it to be heated by 
radiation only. A large nickel or iron crucible can be used as a muffle 
for this purpose, but the device represented in Fig. 8, which is made 
of heavj- asbestos board and bound with sheet iron, is more durable. 
Devices for Drying Solids. The amount of vapor to be ex- 
pelled in drying solids is usually small, as compared with that 
expelled in evaporating liquids, and the apparatus used may take 
Jhe form of a rectangular oven, such as is represented in Fig.^ 



^^ 
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Its temperature can be roughly regulated by varying the height 
of the flame or the size of the bimier by which it is heated; if 
greater refinement is necessary an automatic gas-regulator, which 
increases or decreases the gas supply as the temperature falls below 
or exceeds that for which the regulator is set, can be used. Ovens 
of larger size which are used for cooking and can be obtained from 
hardware dealers can often be used to advantage. 

Still another device, represented in Fig. 10, consists of a double- 
walled oven, in which the intervening space is filled with a liquid 

whose boiling point is slightly 
above the temperature desired. 
This liquid is kept at the boiling 
point by means of a burner, and 
the vaporized liquid is condensed 
^ and returned to the oven as 
fast as produced. The liquids 
most frequently used are water, 
which gives a temperature of 
about 96°, and toluene which gives 
a temperature of nearly 105°. Li 
all devices of the oven type the 
water vapor which is generated 
escapes but slowly and their eflS- 
ciency, that is, the rate at wtiich 

Fig.lO.-Constant-temperatureOven^^yi^g j^ ^q^^^^^^ ig ^^^ great. 

A further objection to ovens heated by gas is that some. of the 
combustion products may enter the oven and produce objectioD- 
able effects upon the substance being dried. For this reason the 
electrically, heated ovens, which can now be purchased from 
dealers in chemical apparatus, are to be preferred to all others; 
their cost, however, is somewhat large. 

Temperatures Attainable by the Use of Gas Burners. Direct 
heating of the substance in a crucible is always to be preferred 
where there is no danger of exceeding the maximum permissible 
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temperature. The temperature actually attained inside of the 
crucible depends upon the type of burner used, the calorific value 
of the gas biuned, and the masses and specific heats of the sub- 
stances heated, that is, the crucible used, the triangle used to 
suppK)rt it, and the substance which it contains. 

The Bunsen burner is decidedly inferior to the more recently 
devised M6ker burner, a vertical projection of 
which is represented in Fig. 11. In the former the 
air supplied at the base is not sufficient for the 
gas burned and a long cone-shaped flame results; 
the area over which active combustion takes place 
is comparatively large, and the highest temperature 
is attained at the apex of the inner blue cone. In 
the M^ker burner the air supplied at the base is 
sufficient, but "striking back" is prevented by the 
grid and enlargement at the outlet; the entire 
combustion takes place within a few millimeters 
of the top of the grid, and the heating effect 
is therefore concentrated in a single horizontal 
plane. 

The temperatures actually attained in the in- Fig.ll.— M6ker 
terior of uncovered crucibles of different sizes ^"^^^ 

and materials, which were heated on triangles of nichrome 
wire by the two forms of burners, are given in the following 
table: 




Gruoible heated 


Berlin 

porcelain 

00 


Berlin 

porcelain 




Berlin 

porcelain 

1 


Platinum 


Capacity 


10 CC. 
820° 

880° 


15 CC. 

780° 
840° 


23 CC. 
720° 

770° 


14 CC. 
840° 

890° 


29 CC. 


Temperature with Bun- 
sen burner 


780° 


Temperature with M^ker 
burner 


805° 
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Somewhat higher temperatures are attained by using covers on 
the crucibles, but this prevents the circulation of air nlthin the 
crucible and the escape of gases which may be hberated by the 
substance heated in the crucible, both of which effects are unde- 
sirable. 

Still higher and more uniform temperatures can be reached 
by surrounding the burner and crucible with a shield, which cuts 
off air-currents and greatly reduces the 
radiation losses. This device is utilized 
in the burner devised by Chaddock, a 
vertical projection of which is repre- 
sented in Fig. 12. Combustion of the 
gas used is effected exactly as in the 
Bunsen burner, but the entire burner 
is made of porcelain, and a fire-clay 
chimney wiiich fits upon it loosely both 
reduces the losses from radiation and 
forms a support for a triangle over 
which a crucible can be heated. 

Where still higher temperatures are 

needed a " blast lamp," that is, a 

burner which is supplie<I with a blast 

of air, or an electric furnace can be 

An effective blast lamp is car 

pable of producing a temperature of 1100° in a platinum crucible 

I of moderate size. 
Construction of an Electric Furnace. Small electric furnaces 
dedgned to heat crucibles of moderate size, which can be pur- 
chased from dealers, are extremely advantageous. The plan of 
BiQ inexpensive and easily constructed furnace is represented in 
vertical and horizontal projection in Fig, 13, The heating unit 
I 'ists of an alundum core (A) two inches in diameter, around 
I is wound 15 feet of No. 23 nichrome wire coiled in the form 




Pig. 12.— Chaddock Burner 



lorm 
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The core and helix rest upon a piece of asbestos board supported 
by a ring of porcelain (BJ ; it is 
placed in the center of a cylinder 
of sheet copper some four inches 
in diameter, which is supported 
in a vertical position by means 
of a wooden base (C); but is 
insulated from the base by strips 
of thick asbestos. The entire 
space between the core and cyl- 
inder is filled with a compact 
mass of asbestos. The ends of 
the helix are brought thru but 
insulated from the copper cylin- 
der and attached to binding posts 
screwed into the base. 

When this furnace is attached 
to a 110-volt circuit it consumes 
about 3 amperes of current. 
When a crucible is placed in- 
side the core and the furnace is 
covered, the temperature inside 
the crucible rapidly rises to 
1000°. A lower temperature can 
be attained by placing a rheo- 
stat in series with it, but it is 
more economical to construct 

other furnaces which offer a greater resistance where lower t 
peratures are desu^. 




- Plan of an Electric Furnace 




CHAPTER Vm 

THE REMOVAL OF UNDESIRABLE CDNSTITBENTS BY 
EVAPORATION 

Factors to be Considered. It is frequently necessary to re- 
duce the volume of the solution containing the substance being 
analyzed or to eliminate certain volatile constituents by evapora- 
tion. The factors which determine the rate at which evaporation 
takes place are the vapor pressure of the solution at different 
temperatures, the rate at which the vapor formed is carried away 
from the surface of the liquid, the extent of this surface and, 
where the temperature used is that of the boiling point, upon the 
efficiency of the heating device employed. The phenomenon of 
boiling is due to the fact that bubbles of vaporized liquid are 
constantly forming at the bottom or in the interior of the mass of 
liquid and passing to its surface; these bubbles are often pro- 
jected above the surface of the liquid with considerable violence, 
and may carry with them small quantities of the solution being 
evaporated. Hence, unless a special form of apparatus is used, 
which prevents the escape of these particles, appreciable loesei 
of the non-volatile constituents of the solution may occur. This 
difficulty is somewhat intensified by the phenomenon of "super- 
heating," in which portions of the liquid which are in immediate 
contact with the bottom of the containing vessel are temporarily 
heated above the normal boiling point and then suddenly vapo^ 
ized, it can be avoided by agitating the liquid, or by adding to it » 
small piece of platinum wire or some other good conductor of heat | 

If a mixture of a solid and a liquid is being evaporated th* 
phenomenon known as "bumping" may occur. It is due to tbe §1 
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fact that the solid, especially when it has a high specific gravity, 
packs together on the bottom of the containing vessel, and bubbles 
of vapor accumulate between this layer and the bottom of the 
vessel. Their pressure finally overcomes that of the layer and in 
escaping they throw masses of the mixture out of the vessel with 
considerable violence. This difficulty does not arise if the tem- 
perature is kept somewhat below the boiUng point, or if the mixture 
is stirred vigorously. 

Evaporation can be greatly hastened by sucking the vapor 
formed from the containing vessel by means of a suction pump, 
or by directing a current of air against the surface of the liquid by 
means of a force pump. Either device cools the surface appreci- 
ably, but as a more efficient heating device celu then be used, the 
rat« of evaporation can be greatly increased. 

Methods of Effecting Evaporation. Two extremes are repre- 
sented in the methods used to effect rapid evaporations. Either 
the liquid is placed in a shallow evaporating dish and heated to a 
temperature somewhat below its boiling point, or it is placed in a 
flask or narrow beaker and boiled violently. The latter method 
is somewhat more rapid but requires care and watchfulness on the 
part of the analyst, and is always subject to the possibility of 
small mechanical losses. Where the former method is used, a 
heating device which permits of a rapid and constant control of 
the temperature Is necessary. Direct heating over a flame, even 
though the vessel is protected from it by a piece of wire gauze, is 
not to be recommended. The use of a water or "steam bath," 
which insures a temperature somewhat below 100°, is usually very 
satisfactory. A sand bath, or a hot plate give higher temperatures 
and more rapid e\'aporation but involve possibilities of mechanical 
losses. 

Evaporation of Mixtures of Two Volatile Substances. When 
two substances, which possess appreciable vapor pressures and 
form homogeneous solutions, are mixed together a reduction in 
the vapor pressures of both constituents takes place, and the sui 
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of the vapor pressures of the two constituents in the mixed vapor 
phase is less than the sum of the vapor pressures of the pure sub- 
stances at the same temperature. The extent to which one con- 
stituent of such a mixture lowers the vapor pressure of the other, 
varies with different pairs of liquids, but all known examples be- 
long to one of three types. These types can be differentiated most 
readily by plotting the curves representing the total vajwr pres- 
sures of the two constituents in the mixed phase corresponding to 
all possible mixtures of these constituents. Such curves are repre- 
sented in Fig. 14, in which the ordinates represent vapor pressures, 




4 10 20 30 40 50 60 70 80 90 B 

Fig. 14. — Curves Representing Vapor Pressures of Mixed Liquids 

and the abscissas the comparative amounts of the two constituents 
A and B. In type I the total vapor pressure of the mixture in- 
creases continuously from a, corresponding to the pure constituent 
A, to 6, corresponding to the pure constituent B. In tjrpe 11 the 
total vapor pressure attains a minimum value at p, that is, it is 
reduced by adding B to pure A or A to pure B up to the concentra- 
tion which yields the minimum value p. In type III the total 
pressure attains a maximum value at q, that is, it is increased by 
adding B to pure A or A to pure £ up to the concentration which 
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pves the maximum value q. Since the boUing points of such mix- 
tures depend directly upon the sum of vapor pressures of the two 
constituents the boiling points of mixtures representing type I 
decrease continuously as the percentage of that constituent which 
has the greater vapor pressure increases; whereas the boiling 
points of mixtures representing type II attain a maximum and 
those of type III attain a minimum at certain concentrations of 
3 two constituents. If then mixtures belonging to type II are 
ntinuousiy evaporated the composition of the mixture changes 
Fop to the point at which it has the maximum boiling point; those 
representbag tj-pe III must change up to the point at which it has 
the minimum boiling point. Mixtures which are characterized 
by constant boiling points yield mixed vapor phases in which the 
relative amounts of the two constituents are the same as in the 
corresponding liquid phases. 

» Removal of Acids by Evaporation, The mixtures of this kind 
which are most frequently dealt with in quantitative work are 
aqueous solutions of acetic, hydrochloric, nitric and sulfuric acids; 
the first three of these mixtures belong to type II. The rate at 
which any one of these acids is driven out of an aqueous solution 
thru evaporation depends mainly upon the concentration of that 
acid in the mixed vapor phase. Useful data can therefore be 
secured by evajwrating aqueous solutions of these a^ ids at their 
boiling points, condensing and collecting the vapor given off at 
definite time intervals, and determining the composition of the 
condensed liquid and of the solutions from which they were dis- 
tilled. The results of a series of determinations * of this kind are 
given in the curves of Fig. IS. The ordinates represent the per- 
centages of the various acids in the distillates and the abscissas 
thoee of the acids in the corresponding solutions. 

k These curves at once show the comparative volatilities of the 
Ferent adds and the concentrations which must be attained 
tore they can be driven out with even reasonable rapidity by 
* From experimental data obtained by the writer. ^^^^^^^^ 
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evaporation. It will be noted that in evaporating solutions of 
acetic acid the concentration of the liquid increases at a uniform 
rat« until the readual solution contfuns about 80 per cent. Solu- 
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tions of hydrochloric acid concentrate very rapidly at first, tha 
more slowly until a mixture which has a constant maximum boil- 
ing [Mjint of 110°, and contains 20.2 per cent of acid, is obtained. 
The behavior of nitric acid resembles that of hydrochloric, but the 
constant-boiling mixture contains 68 per cent of acid, and boib 
at 120°. Sulfuric acid on the other huid is not appreciably vob> 
tilized until the solution has attained a concentration of about SB 
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per cent, which reqtiires a temperature of more than 250°. Com- 
plete removal of any of these acids camiot be effected unless the 
solution is evaporated to dryness; the total amount left in any 
solution which has been concentrated to a constant boiling point 
mixture can be calculated from the volume left and the composition 
of this mixture. 

The theory of the removal of acids from solutions containing 
two or more acids is not so easily followed, for, altho the addition 
of a second acid reduces the volatility of the first, interaction 
between the two acids may take place. Thus when both hydro- 
chloric and nitric acids are present a reaction represented by the 
equation given below becomes possible; 

HNOa + 3 HCl ^ NOCl + 2 HjO + CI,. 

The reaction constant has a relatively small value, and unless the 
concentrations of the two acids are lai^e but Uttle chlorine is 
liberated. At high concentrations and especially at moderately 
high temperatures the NOCl formed breaks down into NO and 
Clj, and complete decomposition and expulsion of the acid which 
is not present in excess is rapidly effected. Hence it is possible 
to expel either acid by adding an excess of the other acid, and 
evaporating the solution sufficiently. 
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CHAPTER IX 

THE CALCULATION OF RESULTS 

Calculation of Chemical Factors. The genoral formula for 

the calculation of the results of any direct gravimetric process ia 

Weight of substance separated 

Weight of sample used 

In this formula/ represents the factor by which the weight of the 
separated substance must be multiplied to give the equivalent 
weight of the substance whose percentage is to be reported. Since 
the substance weighed and the substance reported may have the 
eame chemical formula, / may have the value 1 ; usually it haa 
different value, which may be either greater or leas thaa 1, 
rand can be calculated from the atomic and molecular weights of 
the substances concerned. If a precipitate of MgaPsO? haa l>een 
separated, and it is desired to report the percent^e of P present, 
it would be reasoned that every molecule of MgaPjOj separated 
represents two atoms of P in the sample, and hence the desired 
factor is obtained by dividing two times the atomic weight of 
phosphorus by the molecular weight of magnesium pyrophosphate. 
If a precipitate of FejOa has been separated, and it is desired to 
report the FeaO* present, the reasoning would be that for every 
tiu^e molecules of FcaOs found, two of Fe304 must have been 
present and the proper factor to employ is 2 FeaOi -^ 3 FejOj. 
It should be especially noted that the number and character of 
the reactions concerned in the production of the substance which 
is separated from the sample are of no significaDee, When a 
Bubstance which contains FejOi is analyzed by separating FeA 
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■bom it, it can be assumed that ance the proceas is a quantitative 
one all of the iron present as Fe304 is transformed into FejOa, and, 
further, that no additional iron in any form is introduced. 

Determination of Chemical Factors Experimentally. The 
value of / can also be determined experimentally by submitting 
a sample containing a known percentage of the substance which 
is to be reported upon to the proceas concerned, and calculating the 
ratio of the weight of the substance known to be present in the 
sample used to the weight of product separated. An empirically 
detennmed factor of this kind is subject to errors of the same kind 
and magnitude as those concerned in the actual determination. 
If the process is a complex one, in which subsidiary reactions are 
poB^ble, and large errors of any kind are to be expected, the 
empirically determined factor is the logical one to use, for by using 
it the errors involved in the actual determination are partly or 
whcJly counterbalanced. If the process is based upon a few simple 
and definite reactions and is not subject to any large errors the 
calculated factor should be used, since it is based upon experi- 
mental work of much greater accuracy than that employed in the 
determination of the empirical factor. 

The System of Atomic Weights Used. The atomic weights 
of the various dements are calculated with respect to the atomic 
weight of hydrogen with a value of 1, or with respect to that 
of oxygen with a value of 16. The actual ratio of the atomic 
wdghte of these elements is 1.008 : 16 and, hence, the systems 
based upon the two standards differ slightly. In calculating the 
factors used in analytical chemistry either system may be used with 
equal accuracy, provided all the weights made use of are referred 
to the same system, and with about equal facility. The atomic 
weights which will be used in this book are those adopted by the 
International Committee on Atomic Weights in 1916. 

Fonn in Which Results Are Reported. The form in which the 
results of an analj'sia is reported admits of some degree of choice, 
which depends largely upon the object for which the analysis is 
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Element 



Aluminum. 
Antimony . 

Arsenic 

Barium 

Bismuth... 

Boron 

Bromine . . . 
Cadmium.. 
Calcium. . . 

Carbon 

Chlorine . . . 
Chromium. 

Cobalt 

Copper 

Fluorine . . . 

Gold 

Hydrogen. 

Iodine 

Iron 

Lead 

Lithium . . . 
Magnesium 
Manganese 



Sym- 


Atomic 


bol 


weight 


Al 


27.10 


Sb 


120.20 


As 


74.96 


Ba 


137.37 


Bi 


20S.00 


B 


11.00 


Br 


79.92 


Cd 


112.40 


Ca 


40.07 


C 


12.00 


CI 


35.46 


Cr 


62.00 


Co 


58.97 


Cu 


63.67 


F 


19.00 


Au 


197.20 


H 


1.008 


I 


126.92 


Fe 


65 84 


Pb 


207.20 


Li 


6.94 


Mg 


24.32 


Mn 


54.93 



Element 




Mercurv 

Molybdenum 

Nickel 

Nitrogen 

Oxygen 

Phosphorus.. 
Platinum . . . . 
Potassium. .. 

Selenium 

Silicon 

Silver ...... 

Sodium 

Strontium. .. 

Sulfur 

Tellurium. . . 
Thallium.... 

Tin 

Titanium.. . . 

Tungsten 

Uranium 

Vanadium. . . 

Zinc 

Zirconium. . . 



Hg 

Mo 

No 

N 

O 

P 

Pt 

K 

Se 

Si 

Ag 

Na 

Sr 

S 

Te 

Tl 

Sn 

Ti 

W 

U 

V 

Zn 

Zr 



Atomic 
weight 



200.6 

96.00 

58.68 

14.01 

16.00 

31.04 

195.20 

39.10 

79.20 

28.30 

107.88 

23.00 

87.63 

32.06 

127.50 

204.00 

118.70 

48.10 

184.00 

238.20 

51.00 

65.37 

90.60 



made. In general, it is advisable to report all results in such a 
form as will indicate most nearly the actual composition of the 
sample. Thus, if nitrogen is determined and reported as such, 
there is no means of knowing which one of the various fonns in 
which that element may be combined is represented, whereas if 
the report is in terms of NH3, N2O6 or N2O3, the presence of cor- 
responding percentages of ammonia, of nitrates or of nitrites is 
clearly shown. Since oxygen, unless it is in the free condition, 
is but rarely determined it is customary to combine it with the 
metals or metalloids actually present in the report made. This 
makes it readily possible to show the degree of oxidation of these 
elements and to account for everything present, that is, to make 
the analysis sum up to 100 per cent. Thus in the analysis of 
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crystallized ferrous sulfate it is desirable to report the percentages 
of FeO, SOs and HjO rather than Fe, S, and H. 

It should be noted that if salts, such as chlorides or sulfides, 
which do not contain oxygen, are present, and all of the bases 
present are reported as oxides, more oxygen will be included in 
the summation than is actually present. The proper correction 
is then made by subtracting the oxygen equivalent of the chlorine 
and sulfur from the summation; this then appears in the summary 
as "less oxygen due to chlorine and sulfur," 

When a solution is submitted to analysis it is now customary to 
report the ions present. Formerly an attempt was made to cal- 
culate and report the probable salts present, that is, to combine 
the acidic and basic radicals according to certain arbitrary rules. 
This method is misleading if the validity of the electrolytic dis- 
sociation theory is granted. 

Abbreviation of Calculations. Altho the calculations of ana- 
Ij-ticai chemistry mvolvc simple multiplications and divisions only 
it will be found advantageous to make use of logarithms or of a 
sbde rule. Where a large number of determinations are made by 
the same process and the same chemical factor is used, time can 
be saved by preparing a table showing the values of those multiples 
of this factor which may be needed most frequently, Stiil another 
method of arriving at the same result is to plot a curve, in this 
case a straight line, showing the relation between this factor and 
certain multiples of it. Many handbooks containing tables of 
this kind and other information frequently needed by the analyt- 
ical chemist have been prepared.* 

Another device which is sometimes used is to employ "factor 
weights" in making the analysis. If the quantity of sample 
employed is made equal to / of the general formula the desired 
percentage is exactly 100 times the weight of the separated sub- 

• Van Nostrand'a Chemical Annual by J. C. Olsen; Chemists' Pocket 
MftOTia! by R. Meade; Laboratory Calculations and SjMJcific Gravity Tables 
by Adriance; Conversion Tablea for Iron Anolyaia, by Allen. 
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stance. If the factor weight is larger or smaller than it is desirable 
to use, a simple fraction or multiple of it can be used with nearly 
equal advantage. 

Calculation of Indirect Detenninations. It is sometimes ad- 
vantageous to analyze certain kinds of mixtures by so-caQed 
''indirect methods." Thus it is pos^ble to calculate the per- 
centages of sodium and potassium chlorides in mixtures of these 
salts from the total percentage of chlorine in the mixture, which 
can be easily determined with great accuracy. If the percentage 
of sodium chloride in such a mixture be represented by x, then 
100 — X must represent the percentage of potassium chloride, 
and if the percentage of chlorine in it be represented by a, the 
following relation is true: 

from which the percentages of sodium and potassium chlorides 
are easily calculated. 

Another method of attaining the same result consists in ascer- 
taining the factor representing the relation between a known 
weight of the mixture and the weight obtained when the chlorides 
present are completely changed into sulfates, which change is 
easily efifected by evaporating with an excess of sulfuric acid. 
If this factor be represented by 6, the following relation is true: 

from which the desired percentages can be calculated. 

The former process is based upon the difference between the 
ratio CI -?- NaCl and the ratio CI -^ KCl. This amounts to 
only 0.131 and an error in the determination of chlorine in the 
imknown mixture is multiplied by 1 -^ 0.131 or 7.64 in the pe^ 
centages reported. This suggests the chief objection to such 
processes, that is, relatively small errors in the determination of 
chlorine in the mixture and the presence of small amounts of 
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^additional eubstances make lar^ errors in the final results. The 
second process depends upon the difference between the ratio 
KsSO* -^ 2 KCI and NajSOi -^ 2 NaCl, which has the value 0.0465 
and considered from this standpoint is less desirable than the 
first process. 

Calculation of Chemical Formula. The analytical chemist 
is sometimes required to calculate the probable formula of an 
unknown substance from the results of his analysis. If each of 
the percentages obtained are divided by the respective atomic or 
molecular weights, a series of figures are obtained which repre- 
sent the relative number of atoms or molecules present in the 
molecule whose formula is sought. The numbers actually ob- 
tained will not usually be entire integers and some of them may 
be leas than unity. Since no chemical formula which involves the 
use of fractions is permissible it becomes necessary to multiply or 
divide the entire series by a factor which will most nearly reduce 
them all to whole numbers. The simplest method of procedure is 
to first note which of the series has the smallest value, and to 
divide the entire series by this value. The results represent the 
simplest formula which can be assigned to the substance; the cor- 
rect formula cannot be calculated unless the molecular weight is 
also known. 

For example the analysis of an unknown mineral gave the series 
of figures which appear in the first column given below: 

KiO = 15.41 -^ 94.3 = 
MgO = 6.58 ^ 40.36 = 

CaO = 18.80 -^ 56.10 = 
SOs = 52.91 4- 80.07 = 

HsO = 5.84 4- 18.02 = 
Dividing by the proper molecular weights gives the figures which 
appear in the third column, and dividing these by 0.163 those of 
the last column. The simplest probable formula of the rainejal 
b therefore KaMgCaaCSOO* • 2 HjO, which represents the mineral 
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Calculation of Volumes of Gases. The analytical chei 
\ frequently finds it necessary to calculate the volumes occui 

by specified weights of solids or liquids after they have h 
changed into the gaseous state. Such calculations are ea 
.carried out by making use of the fact that one mole of any gase 
substance when measured at zero degrees and 760 mm. pressi 
occupies a volume of 22.4 liters. Another form of this relal 
is expressed by the statement that the weight of one liter 
oxygen under these conditions is 1.428 gm. and that of any 
equals 1.428 times the ratio between the molecular weight of t 
gas and the molecular weight of oxygen. 

Changes in volume resulting from changes in pressure 
easily calculated by use of the Law of Boyle, the variations fi 
which are small if the gas concerned is weU above its crit 
temperature, and the pressure does not exceed an atmosph 
According to this law, if v represents the volume of a gas at p 
sure p, its volume v' at the pressure y' is found by the relatio: 

V 

Changes in volume resulting from changes in temperature 
usually calculated with sufficient accuracy from the Law of G 
Lussac. According to this law if v represents the volume c 
gas at the temperature i its volume v* at the temperature / 
calculated from the relation 

, 273 + i' 

v = • 

273 + « 



id. 
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CHAPTER X 

GENERAL FEATURES OF GAS-EVOLUTION PROCESSES 

The Decomposition of Carbonates. The simplest examples 
of this class of determinations are those in which the formation of 
a gaseous product is effected by a change in temperature. The 
determination of carbon dioxide in certain carbonates furnishes 
a good illustration. The decomposition of calcium carbonate is 
expressed by the reaction 

CaCOa -^ CaO + CO2. 

The system here represented consists of two solid phases, each of 
which is a pure substance and therefore has a constant concentra- 
tion, and a gas phase, the composition of which can vary. Since 
the concentrations of CaCOs and CaO in the solid phases are con- 
stant the concentrations of these substances in the gas phase 
must remain constant so long as appreciable amounts of the two 
solids are present and can be represented by k and k' respectively. 
The expression for the equilibrium in the gas phase then becomes 

k' (CO2) 



K = 



k 



k 
which can be reduced toKy= (CO2), or K' = (CO2). 

That is, a constant which is a simple multiple of the true equilib- 
rium constant and which, unlike the latter, can be determined 
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experimentally, may be used in place of the true equilibrium 
constant in discusung chemical equilibria in this and all aimilar 
reactiona. 

Since equal volumes of all gases, when measured at the same 
temperature and pressure, oontun the same number of molecules 
(Av(^ulro'8 hypothesis), the pressures exerted by all gases are 
proportional to their concentra- 
tions and can be used as a meas- 
ure of the latter. The total 
pressure exercised by the gas 
phase in contact with a mixture 
of CaO and CaCOt must equal 
that of the atmosphere, unless 
contained in a closed vessel, 
and ance the pressures ^certed 
by each of these gases are io- 
dependent of each other (Dal- 
ton's Law) each kind of gas can 
be thought of as exercidng a 
"partial pressure," and if so the 
sum of the partial pressures of 
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equal that of the atmosphere. 
Hence the value of K''\a the preceding expression can be ex- 
pressed in terms of the number of mm. of mercury to which the 
partial pressure of the carbon dioxide in equilibrium with CaO 
and CaCOi is equal. If such a mixture is in contact with a gas 
phase in which the partial pressure of the carbon dioxide is leai 
than K' more carbonate will decompose, and the partial preasure 
of the carbon dioxide will increase; if the partial pressure is 
greater than K' carbonate will be formed and the partial preB- 
sure of the carbon dioxide will decrease. 

The effect of varying temperature upon the disaociation i»tt- 
sures of the carbonates of calcium, lithium and barium is shown 
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CHAPTER X 

GENERAL FEATURES OF GAS-EVOLUTION PROCESSES 

The Decomposition of Carbonates. The simplest examples 
of this class of determinations are those in which the formation of 
a gaseous product is effected by a change in temperature. The 
determination of carbon dioxide in certain carbonates furnishes 
a good illustration. The decomposition of calcium carbonate is 
expressed by the reaction 

CaCOs -^ CaO + CO2. 

The system here represented consists of two solid phases, each of 
which is a pure substance and therefore has a constant concentra- 
tion, and a gas phase, the composition of which can vary. Since 
the concentrations of CaCOa and CaO in the solid phases are con- 
stant the concentrations of these substances in the gas phase 
must remain constant so long as appreciable amounts of the two 
solids are present and can be represented by k and k' respectively. 
The expression for the equilibrium in the gas phase then becomes 

fc' (CO2) 



K = 



k 



k 
which can be reduced toKj-,= (CO2), or K' = (CO2). 

That is, a constant which is a simple multiple of the true equilib- 
rium constant and which, unlike the latter, can be determined 
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in which P represents the partial pressure of the water vapor 
present in the vapor phase which is in equilibrium with the two 
solids. If the condition of equilibrium has not been reached 
the direction in which the reaction will progress depends upon the 
relative values of K and the partial pressure of the water vapor in 
contact with the salt. 

Many salts are able to form a series of hydrates each of which 
contains a definite number of molecules of water, and are not 
stable unless the concentration of the water vapor by which they 
are surrounded lies between certain limits, which vary with the 
temperature. The complete dehydration of such salts is repre- 
sented by a series of reactions. 

The Dehydration of Crystallized Copper Sulfate. This salt, 
which contains five molecules of water, is stable under ordinary 
atmospheric conditions, because the partial pressure of the water 
vapor normally present in the atmosphere exceeds the diasociaticm 
J^ pressure of this hydrate at 20°. 

By increasing the temperature 
or reducing the concentration 
of the water vapor surrounding 
the salt a series of reactions 
resulting in the formation of 
CuSO, - 3 H,0, CuSO, ■ HiO and 
CUSO4 can be made to take 
place. The conditions necessary 
to effect these different trans- 
formations are indicated by the 
series of curves shown in Fig. 
^ 17, in which the ordinates rep- 
resent water-vapor pressures 
Fig. 17.— Vapor Tensions of Hydrates and the abscissas temperatures. 
of Copper Sulfate r^^^^ ^^^ ^0 indicates the 

series of temperatures and pressures at which the penta- and 
trihydrate are m equilibrium; DO those at which the tri- and 
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monohydrates are in equilibrium; and EO those at which the 
monohydrate and the anhydrous salt are in equihbrium. The 
space between CO and DO represents the only aeries of conditiona 
at which the trihydrate is stable, that betweei DO and EO the 
only conditions under which the monohydrate is stable, and that 
below EO the only conditions under which the anhydrous salt is 
stable. Complete dehydration can be effected within the range of 
conditions represented by the fieid EOY. 

The Evolution Method. The weight of the gas liberated by 
such reactions as those under discussion can often be estimated 
by determining the total loss in weight of the apparatus in which 
the reaction takes place, that is, by determining the weight of 
liberated gas by the "evolution method." In genera!, there are 
two extremes represented in the method of procedure adopted. 
Ill one the temperature ia kept very high, and no attempt made 
to reduce the partial pressure of the hberated gas below that 
normally present; in the other the temperature is kept low, and 
the partial pressure of the liberated gas is artificially reduced, 
Where, owing to volatilization of the residual product or to other 
changes which affect its weight, the maximum temperature which 
can be used is too low to cause complete and rapid decomposition 
of the sample, it is desirable or even necessary to reduce the partial 
pressure of the liberated gas by passing a current of air, or some 
other gas, over the sample. This necessitates the use of a some- 
what elaborate apparatus similar to that used for the direct 
method described in the next paragraph. 

The Absorption Method. Since the residual compound is 
often hygroscopic, and, therefore, difficult to weigh, and since it 
13 sometimes impossible to entirely avoid reactions involving 
changes in weight in addition to the one desired, it is sometimes 
necessary to pass the liberated gas into an apparatus which 
absorbs it completely, and determine its weight by the direct or 
" absorption method." The decomposition must then be made Id 
a closed vessel and all of the liberated gas washed thru the absorb- 
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ing apparatus by means of a current of air, or some other gas 
which contains no substances which are also taken up by the 



absorbing apparatus. 




Muffle Furnace for Heating Tubes 

When the liberated gas is to be determined by the absorptiiHi 
method, or when a gas is to be passed over the substance to be 
analyzed and determined by the evolution method, an apparatus 

^_^ similar to the one represented in Fig. 18 becomes 

^ -^ f- ) necessary. This consists of a cylindrical muffle 
of sheet nickel or monel metal supported hoii- 
zontally on four legs and enclosing a glass tube, 
the diameter of which is sufficiently large to con- 
tain a porcelain "boat," which holds the sub- 
stance to be analyzed. The temperature of the 
air space within the muffle, which is somewhat 
Fig. 19. — Glass- higher than that of the substance within the 
boat, can be measured with a thermometer. It 
is possible to heat the substance in such an apparatus by means I 
of a single Bunsen burner up to as high as 350° and where the j 
danger of exceeding the maximum permissible temperature is but 
small, an opening can be made in the bottom of the muffle a 
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the tube heated directly, even up to the point at which the glass 
begins to soften. Where still higher temperatures are necessary, 
a tube of porcelain should be used. 

The absorption of the liberated gas can be effected in several 
tjpes of apparatus, which should be as light and compact as 
possible. For solid absorbents a U tube, as represented in Fig. 
19, is most convenient; for liquid absorbents a U-tube containing 
pieces of pumice stone saturated with the hquid, or certain special 
forma of absorption bulbs such as that of Geissler, Fig. 20, can be 
used. 

General Theory When the Reagent Is a Gas. Reactions re- 
sulting in the liberation of a gaa, which are brought about by the 
addition of a reagent, form the basis of 
many useful quantitative processes. 
The reagent itself may !>e a gas, in 
which case the system concerned is one 
involving equilibrium between one or 
more solid phases and a mixed gas 
phase. The method of "combustion" 
invariably used for the determination 
of carbon and hydrogen in organic com- 
pounds is representative of this class. 
They involve reactions similar to 
CisHtjOi, + 12 Os ^ 12 CO2 + 11 H2O. Fig. 20. — Geiasler Bulb 

Altho this reaction is not appreciably revereible the tend- 
ency for formation of intermediate oxidation products, such 
as carbon monoxide, is reduced to a minimum and the speed 
iof the reaction is increased by keeping the concentration of the 
I large and that of the carbon dioxide and water vapor 
all. In general, in all processes dependent upon reactions of 
a type it is desirable to keep the concentrations of the gases 
med low and that of the gaseous reagent used high. This is 
Y ^eeted by use of the apparatus already described, that is, 
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by placing the substance to be analyzed in a narro^ 



passing the gas used as a reagent over it. 

General Theory When &e Reagent Is a Liquid* When the re- 
agent used is a liquid, the system concerned involves equilibrium 
between a liquid, a gas and a solid, as, for example, in the reaction : 

CaCOs + 2H+ + 2Cl-^Ca++ + 201" + H2O + CO,. 

If we disregard the concentration of water, which in the solutions 
usually used remains practically constant, the expression for 
equilibriimi reduces itself to 

(Ca++) . (CO2) 



K = 



(H+)* 



Evidently such reactions can be made complete if the concen- 
tration of the reagent used can be made suJEciently large, and the 
solubility of the liberated gas can be made sufficiently small. 

The weight of the liberated gas can be determined by the 
evolution method, the absorption method, or by direct measure- 
ment of its volume, and calculation of the corresponding weight. 
For the evolution method a large number of special forms of 
apparatus, which are known as alkalimeters, can be employed. 
One of these is represented in Fig. 23, in which A represents the 
receptacle which contaios the substance to be analyzed, and in 
which the reaction takes place, B the receptacle for the reagent 
used, and C the receptacle for the reagent used to dry and purify 
the liberated gas. The weight of the entire apparatus as first 
charged with sample and reagents, and again aSter the reaction 
has been completed, is accurately determined; the dijBference gives 
the desired weight of the liberated gas. 

For the absorption method an apparatus similar to the one 
represented in Fig. 24 is used. The essential features are again 
a container for the reagent, a container for the substance to be 
analyzed, which also serves as the vessel in which the reactior 
takes place, one or more absorbing tubes by which the liberatec 



f 



GENERAL FEATURES OF GAS-EVOLUTION PROCESSES 89 

gas is dried and purified, and an absorption apparatus containing 
the proper reagents for the retention of the gas which is to be 



General Theory When the Reagent Is a Solid. The salts 
of certain acids, especially H2CO3, HCl, HNO3 and HClOg, are 

completely decomposed with the liberation of a gas by heating 
them with certain oxides such as SiOj or BaOa, or with certain acid 
salts such as NajBiOj. A typical illustration is furnished by the 
reaction between sodium paratungatate and potassium nitrate, 

^hich is represented by 

ll NaioW,jO« + 14 KNO3 -» 5 NasWO, + 7 KiWO* + 7 NjOc 

rSince both of the substances which are concerned in such 
reactions are solid at ordinary temperatures, it is necessary to raise 
the temperature of the mixture to the point at which one or both 
of them is partly or wholly fused in order to insure complete inter- 
action; hence the factors which determine the reversibility of such 
reactions are the same as those which determine the reversibiUty 
of the reactions considered in the preceding paragraph. As most 
of the processes of this class can be carried out by heating a 
known weight of the sample with a known weight of the reagent in 
an open crucible they are extremely simple and in many cases 
extremely accurate. 





CHAPTER XI 

DETERMINATION OP WATER IN GYPSUM 
I. Facts Upon Which the Determination Is Basbd ' 

Composition of Gypsum. The composition of this mineral is 
represented by the formula CaSOi ■ 2 HjO. It is frequently found 
in the form of colorless, transparent and beautifully crystalline 
masses, which are practically free from other minerals and mechani- 
cally occluded impurities of all kinds, and which contain the 
theoretical percentage of water. 

Conditions Necessary for Complete Dehydration. When a 
small amount of gypsum is placed in a loosely-covered vessd 
and the latter is slowly heated very little water is driven off until 
a temperature of 102° is reached, and even if kept at this tem- 
perature for a week onlj' three-fourths of the water present in 
the sample is lost by it. These facts indicate that under these 
conditions the reactioi* 

2 ICaSO, ■ 2 H2O -> (CaSOi)i ■ H,0 + 3 HiO 

has been completed and also that the partial pressure of the 
water vapor, which is in equilibrium with both the di-hydrate 
and the hemi-hydrate of calcium sulfate, slightly exceeds atmos- 
pheric pressure at 102°, If the temperature of the vessel is still 
further increased the remainder of the water present in the sample 
is slowly driven off when a temperature of 160° is reached, indi- 
cating that under these conditions the reaction 

CCaSOi)i • HsO -^ 2 CaSO, -|- H,0 
has been completed. 
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The rate at which both of these transfommtions take place 
under^the conditions specified is very low and it is necessary to 
use a temperature ot at least 180° if it is desired to completely 
expel the water from gypsum by heating in a loosely-covered 
vessel. Since the only other decompositions involving a chai^ 
of weight which can result from a change in temperature pro- 
duce either calcium oxide or a basic sulfate of calcium, and 
sulfur trioxide and since neither of these changes begins to take 
place until a temperature of at least 600° has been reached, there 
is no objection to using a temperature much higher than 180°, 

Properties of Anhydrous Calcium Sulfate. Two forms of cal- 
cium sulfate are known; one of these, the so-called "soluble 
anhydrite," is formed when gypsum is heated to moderate tem- 
peratures only, and is both more soluble and much more hygro- 
scopic than the "insoluble anhydrite." When gypsum is dehy- 
drated below 500° it is difficult to weigh the residual salt accurately, 
owing to the speed with which it tak&s up water vapor from the 
atmosphere. The difficulty can be avoided by heating in a 
vessel, which can be closed by means of a tightly-fitting stopper, 
and ance ordinary glass does not begin to soften until a tem- 
perature of 400° is reached, a glass weighing bottle can be used 
for the determination, altho it must be heated and allowed 
to coo! slowly to prevent it from cracking. Satisfactory results 
can also be obtained by heating in a covered porcelain or platinum 
crucible, but some experience is necessary to weigh the residual 
salt with sufficient speed to prevent slight errors due to the slow 
absorption of water. 

The difficulties can also be avoided by using the absorption 
method, that is, by collecting and weighing the liberated water, 
but this requires a more elaborate apparatus and takes more time. 

Possible Sources of Error. If gypsum is heated rapidly it 

sometimes shows a tendency to "boil," that is, the sudden con- 

I version of the chemically combined water into steam rends the 

larger masses into extremely fine particles, and this may lead to 
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an appreciable mechanical loss. The difficulty can be avoided 
entirely by heating slowly until most of the water is expelled, 
preferably in a deep vessel and by reducing the size of the particles 
of which the sample is composed. Care must be taken, however, 
to avoid long-continued grinding, as it has been shown that this 
may result in the loss of appreciable amounts of water, probably 
owing to the heat developed by friction. 

II. Details of Method op Procedure 

Preparing and Weighing Out Sample. Crush several grams 
of the air-dry sample in a clean mortar imtil the resulting grains 
are about the size of a pin head, and transfer to a clean, dry 
"sample tube"; that is, a test tube about 1 cm. in diameter 
and 8 cm. long, which is provided with a good cork stopper. 

Procure a weighing bottle of not more 
than 20 cc. capacity, clean carefully and 
wipe both inner and outer surfaces with a 
dry cloth, then allow to stand, preferably 
in the balance room, for twenty minutes or 
until it has taken up the normal amount of 
moisture from the air. Weigh the bottle 
and cover accurately to within 0.5 mg. 
Remove the cover, and add about 2 gm. 
of the prepared sample, and again cover 
and weigh accurately to within 0.2 mg. 

Dehydra,tion. Procure a nickel crucible 
of some 50 cc. capacity, cut a circular 
Fig. 21. — Apparatus for piece of wire gauze slightly larger than 
Determination of Water ^j^^ ^^^^^ ^j ^j^^ crucible, ignite it over 

a flame, and place in the crucible as shown in Fig. 21. Cut a piece 
of asbestos cloth of slightly smaller size and place on top of the 
gauze. Support the crucible on a piece of wire gauze which is 
placed some two inches above the top of a Bunsen burner, then 
remove the cover from the weighing bottle and place the bottle 
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inside the crucible. Heat the gauze with a low flame for ten 
minutes, then gradually increase the gas supplied until the wire 
gauze under the muffle is heated to dull redness, and keep at this 
temperature for a half hour, but do not let the gas take fire and 
bum above the gauze. The temperature attained inside the 
mufHe should be about 250°; it can be measured by means of a 
mercurj' thermometer suspended as shown in the figure. 

Weighing the Residual Salt. Shut off the gas, place the cover 
in position and allow the muffle to cool for about three minutes, 
then transfer the bottle to a piece of paper, wood or some poor 
conductor of heat; and after a few minutes, place in the balance 
room and allow to remain for twenty minutes. If tiie hot bottle 
is brought into contact with a piece of cold metal or any other 
good conductor of heat it is certain to crack. Weigh the bottle 
to within 0.2 mg.; if it shows any tendency to increase in weight 
while on the balance pan allow it to stand for another ten 
minutes and again weigh. Finally place the bottle in the muffle, 
heat as before for ten minutes, and again cool and weigh. If the 
difference between the two weighings does not exceed 0.3 mg. 
the dehydration of the sample can be assumed to be complete. 
Calculate the percentage of water present. 

III. Further Details Regarding the Analysis 
Meaning of Percentage Error. In discussing the accuracy of 
quantitative processes care should be taken to di-stinguish between 
"percentage error" and what will be designated in this book as 
"departure." Percentage error always means the error for every 
ose hundred parts of the substance determined; departure, the 
ilifference between the correct percentage and the percentage 
reported. Thus, if a substance contains exactly 70 per cent of a 
certwn constituent and 69.8 is found by analysis, the departure 
is 70 - 69.8 = 0.2, but the percentage error is 100 (70 - 69.8) 
■^ 70 = 0,285. The difference between departure and percentage 
error becomes zero when the substance analyzed contains 100 per 
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cent of the constituent reported. In genera! the percentage error 
of a quantitative process should be expected to increase somewhat 
as the percentage reported on decreases, but in neither case is the 
one change proportional to the other. 

Accuracy of Method. The determination outUned above rep- 
resents an ideal quantitative process, as regards both simplicity 
and accuracy. The entire estimation can be made within two 
hours, and the results should not differ from the theoretical figure 
by more than one-tenth of a per cent if the work is carefully 
executed. The accuracy of the method can be still further in- 
creased by increasing the amount of sample used, altho the time 
needed for complete dehydration is thereby increased. 

IV. Qtjbbtions and Problems. Seeibs 2 

1. If the result obtained in this determination is 20.SO instead of 20.Q3, what 

ia the percentage error? If the same percentage error waa made in detennin- 

ing the water in a salt containing 60 per cent of water, what result would you 

obtain? 

a. If 2 gm. of the sample were ueed in making the dctfinnination aa directed 
and the only eirore involved were a plus error of 1 mg. in weighing the empty 
bottle and a plus error of 0.2 mg. in weighing the bottle and residue after igni- 
tion, what departure would be obtained? If the only errors involved were a 
plus error of 0.2 mg. in weighing the empty bottle, and a plus error of 1 mg. 
in weighing the bottle and residue, what departure would be obtained? 

3. What weight of water is present ia 1 liter of air saturated at 50° and 
760 mm., assuming that the partial pressure of water vapor at this tempts^ 
ature is 92 nun., that a liter of water vapor at 0° and 760 mm. weighs 0.803 
Km. and that water vapor obeys the laws of Boyle and Gay Lussac? 

4. What are the partial pressures of water vapor, oxygen, and nitrogen in 
a mixture if the total pressure is 760 mm., and one liter ot the mixture con- 
twns 0.022 gm. of H,0, 0,8796 of N. and 0.2665 ot O,? 

C. If 2 gm. of gypsum are heated to 70° in an open flask, which has ■ 
volume of 500 cc, how much gypaum would be left and how much ot the 
hemi-hydrate formed, assuming that the dissociation pressure of gypaum st 
this temperature is 161 mm., that no water ia expelled from the flask, that 
the water vapor is uniformly distributed in it after equilibrium 
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established, and that one liter of water vapor at 70® and atmospheric pres- 
sure weighs 0.641 gm.? Am, 1.5676 gm. left. 

6. What difficulties would you anticipate if the method used for the deter- 
mination of water in gypsum was used for the compounds CaCl3*6HsOy 
Mg(NO,), . 6 HA FeS04 • 7 H^O, ZnS04(NH4)2S04 • 6 H,0? 

7. If 1 gm. of a mixture which contained CaCOs and SrCOa lost 0.15 gm. 
when heated to 900^ and .1292 gm. when heated from 900'' to 1200^ what 
percentages of the two carbonates were present? (For data see page 83.) 

8. What methods might be used to determine the water in a mixture of a 
hydrated salt, which was known to give a dissociation pressure of 20Ct mm. 
when heated to 300*^, and a carbonate, which was known to give a dissociation 
pressure of 400 mm. when heated to the same temperature? 

9. Show why you are justified in neglecting the error from buoyancy in the 
determination of water in gypsum, assuming that only brass weights are used, 
that the specific gravity of brass is 8.33, thiat of g3rpsum is 2.32, and that of 
anhydrous calcium sulfate is 2.964. 



CHAPTER Xn 

DETERMINATION OF WATER IN CRYSTALLIZED COPPER SULFATE 

I. Facts Upon WmcH the Determination Is Based 

Purification of the Salt. When copper sulfate is purified by 
recrystallization the pentahydrate alone separates since the vapor 
pressure of the solution is greater than that of this hydrate even 
if the temperature of the saturated solution used reaches a value 
of 50°. The separated crystals should be dried by pressing them 
between folds of filter paper, and preserved in stoppered bottles 
at a temperature not in excess of 25°. The salt sold by reliable 
dealers as chemically pure usually contains very nearly the theo- 
retical percentage of water. 

Conditions Necessary for Dehydration. Although the vapor 
pressure exerted by even the monohydrate of copper sulfate at 
100° exceeds the partial pressure of water vapor normally present 
in the atmosphere, experience shows that the last traces of water 
are driven off from this salt very slowly at this temperature. As 
the salt does not begin to decompose further until a temperature 
of 341° is attained, there is no objection to dehydrating at 200°, 
at which temperature all of the water is rapidly and completely 
expelled. The anhydrous salt is extremely hygroscopic, and altho 
the method used for the determination of water in gypsum can 
be employed in this case also the more widely appUcable absorption 
method will be described here. 

The Efficiency of Different Dehydrating Agents. The accu- 
racy of the absorption process for the determination of water 
depends upon the efficiency of the reagent used to absorb the 
liberated water vapor. The activity of all such reagents depends 
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upon their capacity to combine with water, and ia large in pro- 
portion as the dissociation pressure of the compound formed by 
the addition of water is small. 

Phosphorus pentoxide is the most powerful dehydrating agent 
known, which is due to the fact that the water-vapor pressure of 
the phosphoric acid formed is practically zero. As it is obtained 
in the form of a fine white powder, whose surface rapidly becomes 
coated with an impervious layer of phosphoric acid, and as it ia 
an expensive reagent, its use is avoided except when an unusual 
degree of dehydration is necessary. 

Concentrated sulfuric acid owes its power to the formation of 
a series of liquid hydrates, which are miscible with water in all 
proportions. The vapor pressure of the concentrated acid is but 
little less than that of phosphoric acid; that of the diluted acid in- 
creases rapidly with the dilution. It has been measured for a wide 
range of concentrations at a number of temperatures and the data 
obtained ia extremely useful for the preparation of dehydrating 
reagents of specified power. The gas to be dehydrated can be 
passed thru tubes, which are designed to hold the acid in liquid ' 
form, or thru U-tubes containing pieces of pumice stone saturated 
with it; the acid in such tubes must be renewed frequently. 

Calcium chloride forms a series of hydrates, all of which arc 
extremely soluble. It is to be had from dealers in two forms. 
The "fused" salt ia almost anhydrous, and is dense and heavy; 
the "granular" reagent, if fresh, contains from 15 to 20 per cent 
of water, and is light and porous. Its dehydrating power decreases 
as its water content increases. Samples containing from 14 to 
24 per cent of water (CaCU ■ 1 to 2 HjO) yield a vapor pressure of 
0.54 mm. ; those containing from 24 to 40 per cent (CaCU ■ 2 to 4 
HiO) yield a pressure of 1.47 mm.; those containing from 40 to 
50 per cent {CaCla ■ 4 to 6 ■ H5O) yield a pressure of 2.47 mm. The 
rapor pressure of the fused salt should be less still, but its action 
is much slower than that of the lower hydrates, and its efficiency 
may not be greater unless the gas to be dehydrated is passed over 
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it very slowly. Altho the granular reagent is a lesa efficient 
dehydratii^ agent than concentrated sulfuric acid the fact that 
it can be obtained in the form of a light porous solid makes it more 
convenient to use. 

The Use of Granular Calcium Chloride. If the partial pres- 
sure of the water vapor in the air passed thru the apparatus 
during the determination is not equal to or less than the vapor 
pressure of the dehydratmg agent used to retain the water sep- 
arated from the sample being analyzed, the result may be increased 
by water taken up from the air. If the air passed thru the appar 
ratus is dehydrated by the same reagent that is used to absorb 
the water liberated from the sample no such error should result. 
Under these conditions also no error should result from the use 
of a dehydrating agent, which fails to remove the last traces 
of water from the air passed thru the absorbing tubes since 
both tubes should reduce the concentration of the water vapor 
to the same value, and the amount of water taken up by the second 
absorbing tube represents the increase in the concentration of water 
vapor produced by the decomposition of the sample under analysis. 

Conditions Necessary for Complete Absorption. If the liber- 
ated water vapor is drawn thru the absorbing tube too rapidly 
some of it may not t>e retained. If the air current used is not 
made to pass continuously in the proper direction some of the 
liberated water vapor may find its way into the absorption tube 
thru which the air enters. A steady and continuous stream of 
air can be drawn thru the apparatus at any desired rate by the 
use of an "aspirator bottle" {E of Fig. 22). If air enters the 
apparatus at any point except thru the tube designed to purify 
it, the moisture which it contains may be absorbed and weighed 
with the separated water. Hence the joints of the apparatus 
must be tight, but since the pressure inside and outside of the 
apparatus need not differ much, no difficulty should be experienced 
in making them so. 

The time needed for the determination depends largely upon 
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the amount of air which must be passed thru the apparatus to 
free it from water vapor before the sample Js heated, and also to 
wash the separated water vapor into the absorption tube after the 
sample has been decomposed; it increases, therefore, with the 
capacity of the apparatus, which should be made as small as 
possible. 

II. Construction op the Apparatus 

Procure and fit together the parts of an apparatus similar to 
that shown in Fig. 22 as follows: 

For A procure a simple U-tube about 18 cm. in length. Clean 
and diy it carefully and fill with lumps of dry granular calcium 




Fig. 22.— Plan of Apparatus for Detenniiiatioii of Water 



bride of about the size of a pea. Place small wads of cotton on 
p of the reagent iu both limbs and insert in the two ends well- 
ttiug cork stoppers provided with an inlet and outlet tube 
Dectively. Prepare also two "plugs" by inserting short pieces 
Kglass rods Into pieces of rubber tubing of slightly smaller internal 
meter, and use to cover the inlet and outlet tubes, and thus 
roteci the reagents from deterioration when the tube is not in use. 
For B procure a piece of either hard or soft glass tubing about 
■thirty centimeters long, the diameter of which is sufficient to 
nit the insertion and removal of the porcelain boat C without 
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difficulty. The sharp edges at the end of the tube should be 
rounded off by heating in a Hame until they begin to soften. Pro- 
cure two rubber stoppers which fit the ends of the tube snugly and 
are bored with holes for the admission of the tubes connecting 
with A and D. 

For D procure a smaller (J-tube, preferably of the Marchand 
form, in which one limb of the tube is sealed directly to an inlet 
tube of smaller diameter, the latter being bent at right angles and 
provided with a bulb-like enlai^ement near the middle of the 
horizontal portion. This bulb serves to condense and retmn s 
large part of the water vapor passing thru the tube, which can be 
poured out, or removed by a shred of filter paper after the tube 
has been used; it increases the number of determinations that 
can be made with it without renewing the absorbing reagent. 

Clean and dry the tube, heating it in an air bath if necessary to 
expel the last traces of water. Insert a small wad of cotton just 
below the inlet tube, and fill with pieces of granular calcium 
chloride; then introduce a good cork stopper, which is provided 
with a narrow outlet tube, into the open limb. Place a few small 
pieces of sealing wax upon the top of the cork, and melt these by 
means of a piece of hot metal till the cork and the jt>int between 
it and the glass are covered uniformly and smoothly. Prepare 
well-fitting plugs, by which the inlet and outlet tubes can be cov- 
ered, and a support of nickel or aluminum ^vire by which the tube 
can be suspended. 

For E procure an aspirator bottle of about two liters capacity 
provided with an exit tube which can be easily opened or closed 
by means of a screw pinchcock. 

For F procure a thermometer capable of indicating temperatuna] 
of 300". 

HI. Details of Method of Procbdube 

Preliminary Operations. Prepare the sample by crusldiil 
several grams of the dry crystalline salt to a fine powder in a cleM 
agate mortar and placing in a clean, dry sample tul)e. 
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^F Ignite the porcelain boat by holding it in the flame of a burner, 
slightly above the apex of the inner blue cone, for a few minutes, 
then place in a desiccator until perfectly cool, which should re- 
quire about twenty minutes, and weigh accurately to 0.2 mg. 
Next add to the boat about 1 gm. of the sample and again 
weigh accurately. 

Wipe the Marchand tube with a clean dry cloth, place it in 
, the balance room for twenty minutes, then weigh with the two 
plugs in position accurately to within 0.2 mg. If the tube ap- 
pears to gain in weight while on the balance pan it must be allowed 
to stand longer, that is, until the weight is constant. 

Assembling the Apparatus. Connect the larger U-tube with 
the combustion tube by means of a rubber stopper. Fill the 
aspirator bottle with water, attach it directly to the other end 
of the combustion tube and allow about 200 ec. of water to 
flow out rather rapidly, that is, within a period of about ten 
minutes. 

Disconnect the aspirator and place the porcelain boat and con- 
tents in the combustion tube at the point indicated in the figure. 
Connect the Marchand tube with the combustion tube by means 
erf the rubber stopper, taking pains to press it firmly into place. 
Connect the aspirator with the free end of the Marchand tube and 
adjust the pinchcock until the water flows from it at a rate of 
about five drops per second, and maintain this rate of flow during 
all the subsequent operations. 
Decomposing the Hydrate. Light the burner under the muffle, 
allow the temperature as shown by the thermometer to slowly 
to about 100°, and maintain it as near this figure as possible 
twenty minutes. This should expel four-fifths of the water 
eomewbat rapidly; decrepitation may take place but does no 
harm as the residue is not to be weighed. Some of the water 
\y condense m the colder portions of the tube just outside of the 
and it may be necessary later to heat that part of the tube 
tly, by changing the position of the muffle, but this must be 
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watched carefuUy, or small amounts of water vapor or sulfur may 
be expelled from the rubber stopper. 

Next increase the height of the flame and allow the temperature 
to gradually rise to 200"^ and maintain between 200° and 250° for 
twenty minutes longer. At the expiration of this period the residue 
in the boat should be of a dead white or shghtly gray color; if it 
shows a tinge of blue the heating should be continued longer. 

Weighing the Liberated Water. Disconnect the aspirator, 
remove the Marchand tube and cover the inlet and outlet with 
the proper plugs, place in the balance room and weigh as before. 
Remove the porcelain boat by means of a small wire hook and dis- 
connect and cover the ends of the larger U-tube. Calculate the 
percentage of water present. 

IV. Questions and Pboblems. Sebies 3 

1. Would you expect the sulfates of sodium, zinc, aluminum and iron, 
respectively, to decompose into the corresponding oxides at higher or lower 
temperatures than the sulfate of copper? 

2. Ten liters of moist air measured at 20*^ are passed thru a tube filled with 
calcium chloride containing 45 per cent of water, then thru a tube filled with 
calcium chloride containing 18 per cent of water, what weight of water might 
be taken up by the latter tube? Ans. 0.019 gm. 

3. A saturated solution of Na2HP04 is placed in a desiccator, which also 
contains a large vessel filled with 65 per cent sulfuric acid and is kept at 30^ 
If the vapor pressure of the acid is 7 nun., the dissociation pressure of 
NajHPO* • 12 H2O is 26 mm., that of NaiHP04-7H,0 is 18 nmi., that of 
NasHPOi • 2 H2O is 2 nun., what changes would take place in both solutions? 
What difference might it make if the volume of the NasHP04 solution was 
large and that of the H2SO4 solution small? 

4. How could you prove that copper sulfate formed a hydrate having the 
formula CUSO4 • 3 H,0? 

6. Calculate the probable formula of a hydrate of magnesium sulfate whidi 
was found to contain 64.2 per cent of water 

6. Show how the data given by Fig. 17 enables you to determine whether 
heat is absorbed or liberated during this determination. 




CHAPTER XIII 

DETERMINATION OF CARBON DIOXIDE IN LIMESTONE BY THE 
EVOLUTION METHOD 

I. Facts Upon Which the Dbtebhination Is Based 

Choice of Method. The value of a sample of limestone for 
many purposes is determined by the percentage of carbon dioxide 
which it contains. This de- ^ 
termination can be made by 
ascertaining the loss which 
takes place when a known 
weight is ignited in a crucible, 
but this method is inaccurate 
if the sample also contains 
chemically combined water or 
organic matter. When these 
aubstancos are present the 
determination can be rapidly 
made by the evolution method 
with an alkalimeter; the use of 
the Bunsen alkalimeter (see 
Fig. 23) will be described here. 
The rosulta obtained by this 
method should not differ from 
the correct figure by more than 
.2 per cent. 

Possible Sources of Error. 




— Bunsen' s Alkalimeter 
s involved in weighir 



Fig. 23.- 
Thee 
a Bunsen apparatus are necessarily somewhat large owmg to 
variations in the amount of hygroscopic water which condenses 
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GO its surface, tfae^' afaoald be made is anaD as possbJe by 
leiag a tooDterpokK m iwggwtprf oa paee 21. The use of a laige 
smotnitcf aBiD|ileiediKestfae^fectalUiaBenor; as much as 2 gm. 
can be oaed to advaatagie. 

The carboD tfiooode fibeiBted in the Bonaen apparatus is satu- 
ntted iriUi water Taper wbiA most be afaeorbed before tbe ^s is 
permitted to escape. Cakiam diloiide can be depended upon to 
remove all but a trace of water from the escaping gas, provided 
tbe esc^ing gas is not passed thru the absorbing tube too rapidly. 
Some samples of calcium chloride contain anall amounts of cal- 
cium onde and therefore absorb carbon dioxide ; hence the caldum 
chloride in the tube C should be saturated with carbon dioxide 
before it is used. 

Altho the reactions between the carbonates found in limestraie 
and «ther dilute hydrocbloric or sulfuric acids are practically 
complete, the solution which remwis after the decomposition is 
saturated with carbon dioxide, and to this extent the separation of 
the latter is incomplete. If a moderate exce^ of dilute hydrochlo- 
ric acid is used and the residual solution heated slowly to about 50° 
practically all of the dissolved carbon dioxide is expelled, and thae 
is little danger of expelling either acid or water vapor. 

The specific gravity of carbon dioxide is greater than that of 
air and the gas retfuned and weighed with the apparatus after uae 
will weigh slightly more than that present in it before use, unleai 
a sufficient amount of air is drawn through it, after the decom- 
position has been completed. This air should be dehydrated 1^ 
passing it thru the drying tube E, otherwise the moisture wluch 
it contains may be taken up by tbe drying tube C. 



II. Preparation of the Apparatds 

Carefully clean the three parts A, B and C of a Bunsen appi 
(see Fig. 23), by rinsing with acid if necessary, then with wattf 
allowing them to drain and then wiping the outer surfaces dry « 
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a clean cloth. Dry the inner surface of the tube C by heating 
either in an air bath or very cautiously over a wire gauze. 

Charge the drying tube by placing a small wad of cotton in 
its enlarged end, filling to within 1 cm. of the other end with 
lumps of dry, granular calcium chloride of about the 8ize of a pea, 
covering with a second wad of cotton, and closing with a cork of 
the proper size, which is provided with an inlet tube of small 
diameter. Press the cork into the tube till flush with its end and 
cover \vith a little sealing wax. Pass carbon dioxide from a 
generator thru the tube for about twenty minutes and displace the 
excess by means of a current of air. 

III. Dbtaii^ op the Method of Pbocedurb 
Chargmg and Assembling the Apparatus. Prepare a long 
narrow sample tube, which is small enough to pass into the flaak 
A, by sealing up one end of a piece of thin-wal!ed glass tubing with 
a Same and closing the other with a cork, and charge wjth about 
2 gm. of the sample. Weigh the tube accurately and deliver 
its contents without loss into the bottom of the flaak A, then 
[■ithdraw the sample tube and ^ain weigh accurately. 

Pour about 15 cc. of dilute hydrochloric acid into a small beaker, 

the shorter of the two tubes attached to the reservoir tube 

into the acid and suck up about 10 cc. of the acid, then remove 

tube B and invert, so that the shorter tube again stands above 

acid. Carefully remove the acid which adheres to the shorter 

ibe by means of narrow shreds of filter paper. 

Next unite A, B and C as shown in the figure, place the plugs 

D and D' over the two open ends, let the apparatus stand for a 

half hour in the balance room and weigh accurately, using a 200 cc. 

flask, which has also stood in the balance room during the previous 

thalt hour, as a counterpoise. 
^ Decomposing the Sample. Remove the plugs D and D' and 
K aade where they can not be mixed with the plugs belonging 
Le and F. Now cause the acid to siphon over, drop by drop, 
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from B into A, controlling the flow by holding the finger against 
the end of B and preventing any of the Uberated gas from escap- 
ing through the reservoir tube. When all of the acid has been 
drawn into A and when the decomposition seems to be complete, 
which should take about 15 minutes if the sample has been finely 
ground, heat the bulb A slowly over a wire gauze until the solu- 
tion attains a temperatm^ of about 50®. Next connect the free 
ends of the apparatus with the tubes E and F, attach the latter to 
an aspirator, and draw 1500 cc. of air thru the apparatus, which 
should require about 20 minutes. Disconnect the tubes E and F 
and replace with the plugs D and D\ let the apparatus stand for a 
half hour in the balance room and weigh as before. Report the 
percentage of CO2. 

IV. QuEsnoNs AND Pbobi^bms. Sbbies 4 

1. Assuming that the capacity of the Bunsen apparatus is 50 cc., that the 
weight of a liter of air under the prevailing conditions is 1.2 gm., while that 
of carbon dioxide is 1.84 gm., how large a departure would be made in a 
determination of carbon dioxide in 2 gm. of piu% sodiimi carbonate if only half 
the carbon dioxide was displaced by air before the final weighing was made? 

2. What other determinations might be made with a Bimsen s^paratus? 

3. Assuming that the available ^ space of the Bimsen apparatus was 
50 cc. and that of the absorption tube was 10 cc, calculate the volumes of 
air which should be passed thru the ^paratus to reduce the carbon dioxide 
left after the decomposition to 1 mg., assuming first, that all the air used is 
uniformly mixed with the carbon dioxide present and second, that none of it 
is so mixed. Ans. 59.46 and 6570 cc. 

4. If it was found that 1 gm. of a sample consisting of a mixture of sodimn 
carbonate and sodium bicarbonate yielded a loss of 0.46 gm. in a Bunsen ap- 
paratus, what percentage of NaaCOj and NaHCX)8 must have been presentf 
(For the method of solving see page 78.) Ans. 58.69 and 41.31 per cent. 

5. If an error of 0.2 mg. was made in making the determination indicated 
in the last problem, how large an error would appear in the results d tbe 
calculation? 



CHAPTER XIV 

NATION OF CARBON DIOXIDE IN BAKING POWDER 
BY THE ABSORPTION METHOD 

Facts Upon Which the Determination la Based 

Compositioii of the Sample. The essential constituents of 
these mixtures are starch, bicarbonate of sodium, and some reagent 
which has weakly acidic properties, such as potassium bitartrate, 
aJum or the acid phosphate of calcium. The addition of water 
to such mixtures brings the active reagents into contact with each 
other and results in the Hberation of carbon dioxide, and since their 
efficiency as leavening agents depends upon the volume of gas 
which they liberate under the conditions of actual usage, the 
available rather than the total carbon dioxide is usually deter- 
mined. The weight of gaa liberated when the sample is treated 
with water and heated can be determined with an alkalimeter, but 
the equally accurate absorption method, which has been more 
generally used, will be described here. The starch, which is added 
to preserve the mixture, does not affect the method except by pro- 
ducing, a paaty mass when heated with water. 
1 Properties of Soda Lime. The substance known as " soda 
Llime" is prepared by adding calcium oxide to a strong hot solution 
■Bf eodium hydroxide; on cooling, this mixture forms a soUd friable 
^bass, which can be broken into pieces and packed into U-tubes. 
^BluB reagent has the property of rapidly absorbing water vapor, 
^Hptbon dioxide and other gases which possess acidic properties, 
^H^h the liberation of appreciable amomits of heat. Absorption 
^Bf carbon dioxide takes i^ace moat rapidly and completely if the 
^Ksgent is not absolutely dry. As the lumps of reagent used 
H 107 
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rapidly acquire an impervious coating of calcium carbonate, which 
prevents further absorption from taking place, it is advisable to 
pass the gas thru two tubes filled with the reagent and to deter- 
mine the resulting increase in the weight of both. Tubes whose 
volume does not exceed 25 cc. are more efficient, and more accu- 
rately weighed than those of greater capacity. A tube of this size 
when properly charged should weigh about 25 gm,, and will absorb 
at least 1 gm, of carbon dioxide. 




Fig. 24. — Flan of Apparatus for Determination of Carbon Dioxide 

II. CONgTBUCTION OP THE APPARATUS 

Prepare and set up the apparatus represented in Fig. 24, Au 
the decomposition flask of about 125 cc. capacity; B ia the acid 
reservoir, which consists of a separatory funnel of about 40 cc. 
capacity; C is a condenser of the Hopkins form; D a ^ass- 
stoppered drying tube filled with calcium chloride; E and / 
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glass-stoppered U-tubea of about 25 cc. capacity filled with soda 
lime; G a small wash bottle, which indicates the rate at which air 
ia drawn thru the apparatus; H an aspirator and / a soda-lime 
tube which removes the carbon dioxide from the air drawn thru 
the apparatus. The stopper of the flask A should be of rubber, 
and the absorption tubes should be provided with wire loops by 
which they can be suspended from a horizontal support when in 
use, and from the balance beam when being weighed. 

Ill, Outline op Method op Phoceddre 

Preliminary Operations. Clean the parts, A, B and C, by 
rinsing with acid if necessary, then with water and allowing them to 
drain. Clean the tubes D, E, F and 1 and dry by wiping them as 
dry OS possible and then drying in an oven. Fill the tube D with 
lumps of calcium chloride not exceeding a pea in size, then pass dry 
carbon dioxide from a generator thru it for about ten minutes and 
displace the latter by air. In like manner fill the tubes E, F and 
/ with soda lime. 

Assemble the various parts of the apparatus and test for leEiks 
by first closing the free end of the tube / with a plug, and opening 
the pinchcock on the delivery tube of the aspirator; if water con- 
tinues to flow from the aspirator indefinitely, test each joint suc- 
cessively until the leak is found and stopped. 

Charging the Apparatus. Disconnect the aspirator, the wash 
bottle and the soda-lime tubes E and F and close the latter by 
turning the stoppers. Wipe the two tubes with a dry cloth, let 
them stand in the balance room for a half hour and weigh them both 
separately, using a glass counterpoise. Remove the flask A from 
the apparatus, wipe it dry and add to it from a sample tube about 
2gm, of the sample, being careful to prevent any of it from coming 
into contact with the side of the flask, then again weigh the sample 
tube. Close the stopcock of the separatory funnel and charge 
, the latter with about 30 cc. of water. Connect the reaction flask 
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A, the Bodarlime tubes E and F and the wash bottle with the 
rest of apparatus. 

Making the Decomposition. Allow the water to run into the 
flask A by cautiously opening the stopcock for very short time 
intervals, endeavoring to produce a slow and uniform hbera- 
tion of the gas. After all of the water has been introduced, 
attach the aspirator, remove the plug from / and by carefully 
regulating the aspirator draw a slow current of air through the 
apparatus. Next start the water r unnin g thru the condenser and 
heat the solution very slowly to the boiling point, then allow the 
flask to cool very slowly, keeping a steady stream of air passing 
thru the apparatus. 

After 4 liters of air have been passed thru the apparatus, which 
should take about forty minutes, disconnect the two soda-lime 
tubes and weigh as before. Calculate the percentage of COj from 
the increase in the weight of these tubes. 

IV. Questions and Pboblbus. Series 5 
. Calculate the volume of COj meamired at 25° and 760 mm. liberated by 
1 gm. of a sample which contains 12 per cent of avmlable carbon dioxide. 
. Assuming that air contains 0.04 per cent by volume of COj and that 
r 2 liters of air are paaaed thru the apparatus, what result would be obtained in 
■ ^tiaa determination if the soda-lime tube I was not used, assuming that the 
t per cent of CO, ia 12? 

mple of baking powder which is known to contain only starch, 
HbtHCOi and CiHbKOg (potassium bitartrate) in equivalent proportiinia 
' a 12 per cent of CO;. What ia its composition? 

■ One gram of a mixture consisting of CaCOi and PbCOj is found to con- 

0.25 gm. of COi. What percentages of CaO and PbO must be present? 

K sample wliioh contains potnasium nitrate is analyzed by weighing out 

3 gm. of sodium paratungatate (NamWuOu) and heating to con- 

n a crucible. If the crucible shows a loss of 0.3 gm., what per- 

;e of potaasium nitrate was present? Ana. 50.16 per oraL 



CHAPTER XV 

DETERMmATlON OF MERCURY IN AN ORE 

I, Facts Upon Which the Determination Is Based 

Decomposition of Mercuric Sulfide. The ores of mercury 
which are of commercial importance contain the element as the 
sulfide, that is, the minerals cinnabar or metacinnabarate, or aa 
metallic mercury; they rarely contain more than a small per- 
centage. If mixed with finely divided iron filings and heated the 
sulfide is decomposed according to a reaction represented by: 

HgS + re->FeS+Hg. 

At a temperature of 100° metallic mercury gives a vapor pressure 
of 0.27 mm., at 300° the pressure is 246 mm.; hence it is not sur- 
prising to find that this reaction can be made complete by heat- 
ing the mixture to a temperature of 300° in an apparatus one part 
of which is kept at a temperature which does not exceed 100°, that 
is, by condensing the vapor as it is formed. 

Condensation of Mercury Vapor. The most satisfactorj- de- 
vice which can be employed for the retention of the mercury con- 
densed in such an apparatus takes advantage of the tenacity with 
which mercury attaches itself to plates of gold, silver or copper, 
which is in part due to the ease with which it forms amalgams with 
these metals. When mercury vapor condenses on such plates it 
forms a tbiii film or series of fine drops, and altho they can be 
dislodged by brushing or vigorous shaking no difficulty is ex- 
perienced in accurately determining the weights of mercury ad- 
hering to such plates. After weighing, the mercury can be expelled 
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beating to a temperature of about 400°; if plates of gold or 
silver are used their weights remain practically constant; if a 
plate of copper is used its weight increases slightly, owing to 
oxidation. 

Form of Apparatus Used. Although several forma of appara- 
tus which are based upon the facts cited have been suggested, one 
devised by Whitton,* which is repre- 
sented in Fig, 25, is the best. It 
consists of an iron retort A of 24 cc. 
capacity, a sheet of silver foil C 
about 0.2 mm. thick, a brass dish B 
which is kept full of water, an iron 
shield which protects the foil from 
the flame used to heat the retort, and 
a clamp D by which the retort, foil 
and dish are held together. The 
silver plate used is about 5 cm. 
square, and weighs about 2.3 gm.; it 
can be used for twenty or more de- 
linations, but after repeated use seems to become porous, so 
fthat some of the mercury may pass thru it. 

Sources of Error. As the total volume of air expelled from 
the retort during the heating should not exceed that due to the 
expansion of the air originally present, and the maximum con- 
centration of this air with respect to mercury vapor should not 
exceed that of air saturated at 100°, the total loss from this source 
should not be large. 

As mercuric sulfide is itself appreciably volatile, a relatively 
large volume of iron filings should be used to insure complete de- 
composition. The ore and filings must also be carefully dried 
and the latter washed with gasolene or ether to remove any grease 
with which they may be contaminated. The maximum amount 
Apparatus can be procured of Braun- 
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of mercury which can be safely retained by a plate of the size given 
b 0.07 gm., and the amount of ore used for the determination must 
be chosen with this statement in mind. It is obvious that great 
care should be used in weighing the foil. 

The temperature to which the retort is heated, and the length 
(rf time it is heated in order to insure complete decomposition, 
must be ascertained by experimenting with pure mercuric sulfide 
or ores of known composition. When the flame of an ordinary 
Buusen burner is used, and the retort is so placed that the flame 
covers the bottom and reaches a point one-half inch above the 
bottom, beating for 20 minutes is found to give good results. 

An entire determination can be made within an hour and the 
method is peculiarly adapted to the analysis of low-grade ores, 
since a large amount of sample can be used. 

II. OuTiJNE OF Method of Proceduse 
Prepare a plate of silver foil by polishing with a piece of fine 
emery or crocus cloth, wiping with a clean cloth, drying for a few 
minutes over a flame and weighing with the greatest attainable 
accuracy. Weigh out about 5 gm. of iron filinp, which are dry 
and free from grease, and place in the retort. Weigh out on a 
watch glass a sufficient amount of the dry ore to contain from 20 to 
70 mg., and transfer to the retort. Mix the ore and filings very 
thoroughly with a glass rod, and cover the mixture with another 
gram of filings. 

Place the foil between the retort and water cooler, clamp all 
three together and support on an iron ring stand above a burner 
BO that the top of the burner is about one and one-half inches below 
the bottom of the retort. Fill the cooler with water, light the 
bimier, and adjust the gaa supply until the flame runs up the 
odes of the retort for not more than one-half an inch, which should 
heat the water to boiling in 7 minutes, Renew the water in the 
didi as it evaporates and after 20 minutes remove the flame and 
i afiow to cool for 20 minutes, then disconnect the apparatus, 

EELl. ' 
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remove the plate and weigh accurately. Report the per ceo 
mercury. 

Expel the mercury from the silver plate by holding it with 
mercury-coated side uppermost, several inches above the flam 
a burner, imtil fumes are no longer given off, and the plate shoi 
faint red glow, but avoid using a temperature which would mel 

III. Questions and Problems. Series 6 

1. What weight of mercury is present in one liter of air, which has a 
perature of 100° and is saturated with mercury vapor, if the partial preg 
of mercury vapor is 0.27 mm.? Ans. 0.0023 g 

2. If a retort which contains 24 cc. of air at 20*^ is heated to 300° anc 
expelled air is cooled to 100° before escaping, what volume is expelled? 

3. If the retort referred to is charged with 0.1 gm. of pure HgS and 
proper amount of iron fiUngs and heated to 300°, and if the air and mei 
vapor are cooled to 100° before escaping, what weight of mercury is di 
off? What is the percentage error of the determination resulting from 
cause? Ans, 0.04 per cei 

4. Derive the simpUfied expression representing the application of 
Law of Mass Action to the reaction used in this determination. 

6. What objections are there to determining mercury by the evoli 
method, that is ascertaining the loss in weight of the vessel in which the reai 
between mercuric sulfide and iron is made to take place? 

6. Would you expect this method to be affected by the presence of Ca 
FeSa, AS2S3, ZnO or CaS04 -21120, and if so how? 

7. Derive the simplified expression representing the application of the 
of Mass Action to the reaction which takes place when mercuric oxic 
heated, assuming first, that none of the mercury formed is condensed 
Uquid and second, that some of it is condensed to a Uquid. 



SECTION III 
GRAVIMETRIC PRECIPITATION PROCESSES 

CHAPTER XVI 

GENERAL THEORY OF PRECIPITATION PROCESSES 
jgoHibrium and Solubility. All precipitation processes iii- 
^e the formation of a new solid phase from a liquid phase, and, 
refore, heterogeneous equilibrium. The new solid phase may 
tit from the addition of a reagent which changes the physical 
perties of the solvent and reduces the solubility of the con- 
aent which separates, or from a chemical reaction brought ' 
lUt by the addition of a reagent, or from the action of a galvanic 
Bait. Since the concentration of the substance precipitated, in 
Kdution from which it separates, cannot exceed that of a satu- 
laBoIution of this precipitate, the completeness of those reactions 
ich result in the formation of precipitates is determined by the 
ibility of the precipitate. The solubility at ordinary temper- 
iies, expressed in milligrams per liter of solution, of some of 
lipitates frequently used in quantitative analyds is given 
following table.* 
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Ca(COO),. 

Cal. !'.'.'.'.'. 

PbSO. 

PbCiO..... 

SrSO, 

Sr(COO),.. 



of the figures given here have been calculated from the data si 
the Landolt-Biimatein, PhyBitalische-Chemische Tabellen. 
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The Solubility of Electrolytes. Let us represent the total 
Bolubility of a binary electrolyte, such as silver chloride, expressed 
in moles per liter by m and its degree of dissociation in this solution 
by X. Then mx represents the concentration of the dissociated 
electrolyte and also that of the anion and cation; also m (,\ ~ x) 
represents the concentration of the undissociated electrolyte. If 
the dissociation of the electrolyte obeys the mass law the relation 
between the concentrations is expressed by the equation 
{■mxY = k'm{\-x). 

In the solution under consideration both m{\ —x) and {mz)* are 
constant and since both bear a simple relation to the total solu- 
bility either could be used as a measure of the total solubility. 
Since the electrolyte here concerned is a sUghtly soluble salt, ita 
dissociation can be considered to be practically complete, and 
hence the value of mx corresponds to that of its total solubility, 
expressed in moles per liter, and the value of (mi)* is therefore 
easily determined. This value has been designated by Ostwald 
by the term "aolubiUty product"; it is one of the constants fre- 
quently used in discussing quantitative processes. 

When a precipitate results from a chemical reaction, an excfss 
of the reagent used is invariably added, and the concentration 
of either anion or cation which enters into the formation of the 
precipitate must exceed the concentration <rf the anion or cation 
in a solution of the precipitate which contains no other substances. 
In discussing the effect of other substances upon the solubility dl 
such electrolytes it was assumed by Nemst that "In any saturated 
solution of a slightly soluble electrolyte the concentration of the 
undissociated electrolyte, and also the product of the concentra- 
tions of the ions into which it dissociates, are constant." These 
theorems merely assert that the values which represent the conr 
centrations of the undissociated electrolyte and the solubility 
product in solutions obtained by saturating water with the pure 
electrolyte are true for oU solutions of that electrolyte, 
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are not affected by the presence of other substances. If they are 
true the addition of an excess of the precipitating agent must 
decrease the solubility of the precipitate. 

Theory of the Precipitation of Silver Chloride. Let ug assume 
that we precipitate the chlorine in 200 cc. of a 0.2 molar solution 
of aodimn chloride by the addition of silver nitrate in solid form, 
in order to avoid changing the dilution. If we first add an exactly 
equivalent amount, that is, 0.04 mole of the silver salt, the ratio 
of the silver salt added to salt present is 1, and the mixture must 
contain equal concentrations of Ag and CI ions. One liter of water 
saturated with AgCl contains 0.002 gm., and the concentration 
of the solution m moles is 0.002 -i- 143 = 1.39 X lO"*. This also 
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sodium chloride, and the ordinates the logarithm of the soli 
It is important to note that the rate at which the solul" 
reduced decreases very rapidly as the value of the ratio ii 
from 1. It is also evident that if sodium chloride is used 
precipitation of silver from a silver salt, exactly the same rf 
in solubility must be effected by the addition of an an 
sodium chloride which makes the ratio of sodium chloride 
salt the same as the ratio of silver salt to sodium chloric 
points represented on the curve. The precipitate has a n 
solubility when this ratio has the value 1. 

Factors Which Affect the Theory. Ideal conditions h; 
assumed in the preceding paragraph. The dissociation 
precipitate and added salt has been assumed to be compl 
the formation of complex ions has been entirely disregarc 

attempting to test the theory by comparing calculate _ 

observed changes in solubihty it is scarcely possible to maintam 
such conditions. The solubility of most of the precipitates tabu- 
lated on page 111 is so small that the experimental error involved 
in determining the change in solubility resulting from the addition 
of a alight amount of the added salt is large. Hence in most of 
the investigations made, either relatively soluble precipitates have 
been used, or the concentration of the added salt has been made 
large. In the former case the dissociation of the precipitate, and 
in the latter case the dissociation of the added salt cannot be 
considered complete, and it becomes necessary to ascertain and 
make use of the degree of dissociation of the electrolytes in cal- 
culating the change in solubility concerned. These values cannot 
be determined by a direct measurement in solutions which contain 
more than one electrolyte, and all attempts to calculate them 
from the experimental data involve assumptions whose valitUty 
can be questioned. In spite of these difEcuIties many result* 
have been obtained which agree fau-ly well with the predicticnH 
of the theory, others show wide variations from them. 

In some cases also the formation of complex ions may 
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the results of such calculations valueless. It seems necessary to 
assume that all ions, especially those which possess a sUght degree 
of aEGnity for their charges, show a variable tendency to increase 
this affinity by taking up undissoeiated molecules from the solu- 
tion. The large number of double salts which can be prepared, 
and which can be assumed to result from the combination of such 
ions with others of opposite sign, support this statement. This 
tendency for the formation of complex ions increases with the 
concentration of the electrolyte taken up; it is responsible for two 
effects which are of importance in quantitative analysis. In some 
cases it leatls to the formation of precipitates of abnormal com- 
position, as shown in the chapter on occlusion; in others it increases 
the solubility of a precipitate thru the formation of complex ions, 
which makes it possible for the solution to attain a higher concen- 
tration of the constituent which is bemg separated than would be 
possible if the simpler ions only were present. 

For example, it was found that the solubility of silver choride* 
in a solution containing 0.933 mole of sodium chloride per liter 
was 8.6 X 10"^, that is, more than six tunes as great as its solubility 
in pure water, which was explained by assuming that such solu- 
tions contain ions of the formula AgClj and AgCU. 

Altho some chemists entirely reject one or both of the fun- 
damental assumptions of Nemst, it is now generally believed that 
the results of all the calculations based upon them are limiting 
values toward which the actual values converge in proportion 
as the ideal conditions which they assume are reahzed; that is, 
where the concentrations are so small that the dissociation of 
the electrolytes concerned is complete and the nature of the ions 
is such that no complexes are formed. This view has been adopted 
thruout this book. 

The use of these principles in calculating the changes in the 
solubility of precipitates, such as PbCIa, which dissociate with 

• Forbes, Joum. of Amer. Obem. Soc, 33, 1186 (1911). 
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the formatioii of one or more bivalent ions, presents no theoretical 
difficulties. Since, however, such salts dissociate in stages, solu- 
tions of them may contain appreciable concentrations of inter- 
mediate ions, such as FbCl, and it is less probable that the ideal 
concUtions referred to can be realized than when salts of a simpler 
type are concerned. 

Theory of Separation of Two Closely Related Ions. The pos- 
sibility of separating two ions by the addition of a reagent which 
is capable of forming slightly soluble compounds with both can 
be discussed with advantage from the standpoint of the theory 
already elaborated. Let it be assumed that silver nitrate is 
slowly added to a solution containing equivalent concentrations 
of potassium iodide and potassium chloride. Silver iodide must 
begin to separate as soon as the product {Ag"*") X (I~) exceeds S, 
where S represents the solubility product of silver iodide, and silver 
chloride must begin to separate as soon as the product (Ag+) X 
(Cl~) exceeds S', where S' represents the solubility product of silva 
chloride. As more silver nitrate is added, more silver iodide 
separates, and (I~) is progressively reduced. Since, further, the 
solution remains saturated with respect to silver iodide, and S is 
constant, the concentration of the silver ions must progressively 
increase. Both of these changes will continue until (Ag+) has 
become so large that the solution b also saturated with req>ect to 
silver chloride. At this point 

(Ag+) X (I-) = S, and (Ag+) X (CI") = S'. 

Since both these expressions relate to the same solutitm (Ag*) 
has the same value in both, and hence 

(I-) _ S 
(C1-) S'' 

This expression tells lis that the condition for saturation^ 
respect to both compounds is that (I~) shall bear the same n 
to (Cl~) that S bears to S'. If still more silver nitrate b a 
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further quantities of both silver iodide and silver chloride must 
separate, but the relation of (I~) to (Cl~) must remain constant. 
The solubility product of silver iodide can be calculated from the 
data given on page 1 15 to be 1 X 10~", and that of silver chloride 
to be 1.9 X 10"'". Therefore the condition for saturation with 
both salts is 

(I-) _ 1 X 10-'^ _ 5.3 X 10-^ 
L (C1-) 1.9 X 10-"' I 

Kftt is, the concentration of the iodide ions must be reduced to 
BS X 10"' X (CI) before precipitation of the chlorine ions can 
begin to take place. 

If, further, it is assumed that one equivalent of silver is added 
for every equivalent of iodine present, the concentration of both 
iodine and silver would be Vl X 10" ", or IX I0~', and hence 
the maximum concentration of chlorine ions which could be 
present without causing some silver chloride to separate would be 
(1 X 10-') -i- (5.3 X 10"^'), or 0.019; that is, if the concentration 
of CI reached the value 0.019 and if one equivalent of silver waa 
added for every equivalent of iodine present, the solution would 
be just saturated with both precipitates. It is clear that an 
accurate separation of the iodine from solution which contains 
both iodine and chlorine ions would not be possible except within 
certain narrow limits. Obviously one equivalent of silver would 
have to be added for every equivalent of iodine present if the 
precipitation is to be even approximately complete, but even if 
no excess were used some silver chloride would separate if the 
concentration of the chlorine ion exceeded 0.019. 

The separation of two ions which yield precipitates with the 
same reagent is scarcely possible unless the solubilities of these 
precipitates differ by lai^e amounts, and even then the amount 
of reagent used must be properly adjusted to the concentrations of 
the two ions present. 



CHAPTER XVII 

FILTERING, WASHING AND IGNITING PRECIPITATES 

Media Used for Filtration. The separation of precipitates 
from liquids is essentially a process of straining, in which solid 
particles are separated from liquid particles by the use of a porous 
diaphragm. A variety of media which differ greatly as to their 
efficiency and adaptability to different purposes are employed for 
such separations. 

Cellulose made into the form of paper of a loose, open texture has 
many advantages; it should represent the purest possible form of 
this substance, and is, therefore, digested with both hydrochloric 
and hydrofluoric acids and washed very carefully before use, for 
the purpose of reducing the percentage of inorganic salts present 
to a minimum. It is not appreciably dissolved or otherwise 
affected by solutions of salts or by acids and bases of moderate 
concentration, but is attacked by strong solutions of acids and 
bases, and cannot be used for the filtration of such solutions. 
The papers made from it for quantitative separations differ greatly 
as to thickness and texture; those of an open and porous character 
permit very rapid filtration, but are unable to retain very fine 
precipitates; the more compact varieties are more efficient but 
slower. 

Asbestos or mineral wool, unlike cellulose, is non-combustible; 
it should not be appreciably hygroscopic. Different grades of the 
mineral vary greatly as to their freedom from associated minerals, 
length of fiber, and the ease with which they can be reduced to a 
satisfactory pulp. The best is the pure white long-fibered varietyi 
which can be easily reduced to a pulpy mass by triturating with 

122 
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water in an agate mortar. It is customary to digest with strong 
hydrochloric acid before use in order to remove any impurities 
present which might be dissolved during its use as a filter and 
thereby change its weight, or contaminate the resulting filtrate. 
It is not readily made into a fabric which can be used hke paper, 
but must be supported on a plate or disk of platinum or porcelain, 
which is provided with a number of fine holes (Witt filter plates), 
or on a crucible the bottom of which is similarly provided. 

Glass wool is used in the same manner as asbestos. As the 
fibers of which it is composed are more elastic and pack together 
leas compactly than asbestos it is not so readily made into a filter 
of equal efficiency. 

Platinum spooge, which is easily made by reducing the salts of 

^^lat element to the metallic state, is also used like asbestos but 

Bb too expensive for any but certain special purposes. 

I AJundum, or fused aluminum oxide, which has been crushed to 

a fine powder, oan also be made into an efficient filter. It is usually 

mixed with a small amount of cementing material and molded 

into the form of crucibles or cylinders. It is not appreciably 

affected by treatment with even strong acids or strong alkalies, 

Devices for Filtering When the Precipitate Is Not To Be 
Weighed. In discussing the devices used in filtration wc can dia- 
tinguiah between those cases in which the precipitate is to be 
weighed at once, and those in which the separation is only one of 
the preliminary operations which precede the final separation of 
the desired substance. In the latter case the precipitate may be 
discarded entirely, or it may be again brought into solution by 
treatment with other reagents, and the desired substance can be 
separated from the resulting solution by further operations. Two 
classea of devices are usually employed in such cases. The first 
and amplest consists of a paper filter supported on a glass funnel. 
The rate at which a liquid passes thru such a device depends, 
aside from the character of the filter paper, upon the nature 
of the precipitate and the viscosity of the Uquid filtered. It 
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be greatly increased by lengthening the f unn el stem, that 
ia, by attaching to the latter a piece of glass tubing, which ia 
bent to form a complete turn near its upper end and is slightly 
constricted at ita lower end as represented in Fig. 27. If the paper 
is accurately fitted to the funnel and the outlet of the stem is small 
enough to prevent air from entering, the tube 
gradually fills with Uquid and 
V 7 the pressure exerted by the 

N / liquid assists in drawing fur- 

ther quantities of it thru the 
filter. If the tube is made 
too long the pressure may be 
great enough to break the 
paper at the apex of the fun- 
nel as it is unsupported at 
that point; hence it is often 
necessary to introduce a sup- 
port in the form of a cone 
made of very tbin platinum 
foil and provided with a num- 
ber of fine openings or of a 
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t 



Pig. 27. — Fun- 
nel for Rapid 
FillratiDQ 



piece of linen cloth Fig. 28. — Filtering 
folded to fit the apex of the '^ "^ ^"'''^ 
funnel. 
Whenever a paper filter is used some of the precipitate, especially 
if the latter is finely divided, is carried into the interior of the 
paper, and when it is desired to bring this precipitate into solution 
or to treat it with other reagents a large volume of reagent murt 
be poured thru it, or the entire filter must be opened out and 
digested in a separate vessel. This often consumes much time, 
requires the use of an undesirably large volume of reagent and 
increases the total volume of the solution to an undesirable amount; 
also the cellulose of the filter may be attacked by the reagent 
which it ia desired to use. 
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"hese diflScuIties are all avoided by the use of an asbestos filter 
Buch as is shown in Fig. 28, in which a Witt filter plate is used in 
the bottom of a "filtering tube." In this and all devices in which 
asbestos pulp is used, suction greater than that easily obtained by- 
increasing the length of the stem of the funnel b necessary. In 
the device shown in the figure the filter tube is attached to a closed 
filter flask by means of a rubber stopper, and the flask is attached 
thru its side neck to a Bunsen pump or some other suction device. 
It permits of extremely rapid filtration and by varying the thick- 
ness and fineness of the asbestos layer, precipitates of any desired 
fineness can be retained. After the filtration has been completed 
the filter and adhering precipitate can be readily and completely 
transferred to another vessel, and treated with any desired reagent, 
even with strong bases or acids, after which the residual asbestos 
can be removed by a second filtration. 

Devices for Filtration When the Precipitate Is To Be Weighed. 
If the precipitate is to be weighed it must be freed from water and 
other adhering substances, and often must be strongly ignited 
before it can be accurately weighed. It is extremely desirable, 
therefore, that the medium used for the filtration shall have such 
properties, that it can be treated exactly as the precipitate is 
treated without danger of affecting changes in its weight, and that 
the filter used shall be of such a form that it can be easily ignited 
and accurately weighed both before use and after the precipitate 
has been separated on it. 

Cellulose is decidedly hygroscopic and furthermore slowly loses 
water and carbonizes even at a temperature of 100°, and altho it is 
sometimes considered necessary to weigh a precipitate on a paper 
filter it should be avoided wherever possible. When this medium 
is used for filtration it is customary to destroy the entire filter by 
burning in a good supply of air and to weigh the residual precipitate 
mixed with the ash of the paper in a crucible. As the ash content 
o( the filter should not exceed .1 mg. it can usually be disregarded. 

Asbestos, glass wool and platinum sponge can be ignited strongly 
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without suflfering appreciable changes in weight, and are, therefore, 
to be preferred to paper in such cases. The most convenient 
form for a filtering device in which such media are to be used and 
the precipitate is to be ignited, is that of a crucible of tall form but 
of moderate size and weight such as is represented in Fig. 29. 

This is the device first used by q 

Gooch and is usually known as a 
Gooch crucible. Its bottom is 
pierced by a number of fine holes 
and furnishes a support for the 
media named. It is connected with 
a filtering tube by means of a 
rubber band and this tube is at- 
tached to a filter flask as shown in 
the figure. 

A crucible of alundmn is equally . 

satisfactory, but since the entire cm- N 

Fig. 29.— Gooch cible is made of porous material Fig. 30. — Glass 
^'^^^ more time and care must be ex- ^^*^™« ™^ 
pended in washing the filter free from soluble salts than where 
the bottom layer only constitutes the filtering medium. 

When it is not necessary to heat the precipitate after filtration 
to more than 350° a glass filter tube, similar to the one represented 
in Fig. 30, which is used in conjunction with a Witt plate or 
platinum corie can be used to advantage. 

The Different Classes of Precipitates. All substances which 
have been separated as precipitates possess certain physical 
peculiarities, altho these peculiarities may be modified to some 
extent by varying the conditions of precipitation. They may be 
roughly classified as follows: 

Crystalline precipitates, such as calcium sulfate, calcium oxalate 
and magnesium ammonium phosphate. They frequently contain 
water of crystallization and possess a definite crystalline form, 
which can be recognized by a magnification of about three hundred 
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diameters. In this type the tendency for the formation of super- 
saturated solutions, from which the normal amount of precipitate 
separates but slowly, is most pronounced, and often makes it de- 
sirable to make use of mechanical shaking devices when it is nec- 
essary to reduce the time needed for the complete separation ot 
the precipitate to a minimum. The solubility of these precipitates 
is comparatively large, and the addition of special reagents for the 
reduction of the error from solubility often becomes necessary. 
They are, however, extremely easy to filter and wash. 

Pulverulent precipitates, such as the sulfates of lead and barium, 
and the phosphomolybdate of ammonium, are composed of 
spherical or indefinitely bounded particles, which are too small 
to be recognized as individuals except by very high magnification. 
The particles are sometimes so fine that it is difficult to retain them 
on paper filters, unless these are very hard and dense. It is often 
possible to avoid the formation of such particles by using condi- 
tions which make the precipitate separate very slowly, that is, by 
diluting both the original solution and the added reagent, and by 
adding the latter slowly and with constant stirring. Long-con- 
tinued digestion also will frequently increase the size of the smaller 
grains as explained on page 34. Some precipitates of this class 
are more satisfactory if separated from a hot, others from a cold 
solution, and the best conditions of treatment for every precipitate 
must be learned thru experiment. 

Another peculiarity of such precipitates is their tendency to 
" creep, " that is, small amounts of the very fine particles are carried 
thru capillary action over the sides of the filter and above the 
liquid which it contains, and where a paper filter is used appreciable 
amounts may be carried entirely out of the filter and on to the sides 
of the funnel. The method of treatment adopted, and the pres- 
ence of certain reagents seems to have some effect on this pecu- 
liarity. 

Curdy precipitates are very similar to those classed as pulveru- 
lent but are peculiar in that the very fine particles of wtiich they 
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are composed readily coalesce to form curdy masses. This ia often 
spoken of as "coagulation" and can be assisted by heating, violent 
stirring, and by the presence of certain reagents. This class of 
precipitates ia one of the most desirable, as they are easily and 
rapidly filtered and washed. The chloride, iodide and cyanide of 
silver and cuprous aulfocyanate are good examples. 

Flocculent precipitates are entirely amorphous and very bulky. 
They are made up of large a^regates of fine particles, which are 
normally of a loose flocculent nature, but may become bard and 
compact if allowed to dry, or if sucked against the bottom of the 
filter by pressure. Under some conditions, they become slimy 
or gelatinous, and are then extremely difficult to filter. They are 
usually separated in the best conditions for filtration if the solution 
is hot, but long-continued boiling sometimes makes them slimy. 
They retain soluble salts readily and are hard to wash completely. 
Ferric hydroxide furnishes a typical illustration. 

Gelatinous precipitates, such as the hydroxide of aluminum, are 
also composed of extremely fine particles which tend to aggr^ate 
into jelly-like masses. They are extremely bulky and as they 
rapidly clog up the pores of the filter are very hard to filter and 
wash. In general, they are best kept off the filter until nearly aD 
of the liquid present has been passed thru it. 

Colloidal precipitates, good examples of which are silicic acid, the 
sulfide of arsenic and the hydroxide of chromium, are distinguished 
by their tendency to form " pseudosolutions " or " hydrosola." 
When treated with water these solids undergo a transformation 
which results in the formation of a mixture that seems to be a 
homogeneous solution and readily passes thru a filter, even tho 
the latter is capable of retainmg extremely fine particles. Sucb 
mixtures are not homogeneous, for it can be shown by the use of 
the ultramicroscope that they actually contain solid particles of 
too small a size to be recognized by the usual methods of mag- 
nification. The formation of such pseudosolutions can be entirely 
ited by keeping a email concentration of some electrolyto 



FILTERING, WASHING AND IGNITING PRECIPITATE8 129 

in the liquid witii which they are in contact. As most precipitates 
are formed in the presence of one or more electrolytes no difficulty 
is usually experienced in filtering them, but when they are washed 
with pure water pseudosolutions may form as soon as the con- 
centration of the electrolyte has been sufficiently reduced; the 
solid which passes thru the filter in this form is usually reprecipi- 
tated on coming into contact with the main filtrate. 

It becomes necessary, therefore, to wash such precipitates with 
a solution of some electrolyte. Eiectrolytes differ greatly in their 
ability to prevent the formation of pseudosolutions and altho 
the salts of di- or tri-valent metals are much more efficient than 
the salts of ammonium the latter are very generally used for this 
purpose, as they can be entirely volatilized by igniting the pre- 
cipitate. 

The Theory of Washing Precipitates. The precipitate finally 
separated on the filter ia contaminated with various soluble 
substances present in the solution associated with it. If these 
substances are easily volatilized during the subsequent ignition, 
and if they do not react with the precipitate in such a manner as 
to give rise to volatile compoimds with the precipitate during the 
ignition, their removal is not necessary. In the great majority 
of cases both of these conditioas are not complied with and the 
precipitate must be washed with an appropriate liquid, the amount 
of wliich should be made as small as possible, owing to the solvent 
action of the liquid on the precipitate. 

The efficiency of the method used in washing precipitates is 
readily calculated if ideal conditions only are considered. If A 
represents the weight in grams of the impurity to be removed 
and V the volume in cubic centimeters of the wash solution added, 
and if it is assumed that the filter is in all cases allowed to drain 
until only 1 cc. of liquid remains in contact with it, and that there 
b an equal distribution of the soluble salt tbruout the volume of 

liquid used, each washing would remove 
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impurity and leave .^ . A gm. behind. The general eicpres- 
sion for the amount of impurity left on the filter after n treatments 

A. If, for example, the amount of impurity to be 



^ivTi) 



removed was 0.2 gm. and the precipitate was washed four times 
with 9 cc. of solution under the conditions named above, only 
0.00002 gm. would remain, an amount which can be safely neg- 
lected. 

The formula shows further that the eflSciency of the process 
decreases greatly as the volume of the liquid left in contact with 
the precipitate increases, and that the use of several portions of 
wash solutions of small volume is decidedly more eflfective than 
the use of a smaller number of large portions. If the 36 cc. of 
wash solution used in four equal portions in the above example had 
been used as a single portion the weight of impurity still left in 
the filter would amoimt to 0.0054 gm. 

Discrepancy Between the Theory and Practice. Experience 
does not agree with the predictions of the theory outlined above 
and the assumption that the impurities are equally distributed 
thruout the wash solution used is not valid. When the latter is 
merely poured thru the filter it may not remain in contact with 
the precipitate long enough to bring about a uniform distribution 
of the soluble salts, and it is often diflScult to prevent the formation 
of channels in the mass of precipitate, especially where the latter 
is of a gelatinous character, which prevents the solution from 
coming into intimate contact with the soluble impurities. The 
only reliable method of procedure is to wash the precipitate until 
an actual test of the washing shows that soluble substances are 
no longer being removed in appreciable amounts. It is often con- 
venient to ascertain this by evaporating a reasonably large volume 
of the last washings (at least 20 cc), to complete dryness and 
noting the amount of residue left. In other cases it is more 
convenient to test the washings for the compound which is being 
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removed by an appropriate and sufficiently delicate qualitative 
test. It is usually safe to assume, however, that precipitates which 
have been brought down under identical conditions from solutions 
of the same composition require the same amount of washing, and 
in repeating quantitative processes much unnecessary labor can 
be avoided by ascertaining the amount of washing necesaary in 
the first determination. 

Washing by Decantation. It is desirable to wash precipitates 
which rapidly clog up the pores of the filter in the original vessel, 
that is, to avoid bringing them on the filter 
as far as possible until the impurities have 
been removed. This can be effected by 
allowing the precipitate to settle to the 
bottom of the vessel, "decanting" off the 
clear supernatant Uquid thru the filter, add- 
ing wash water, stirring and repeating the 
same cycle of operations as long as may 
he necessary. The separation of precipi- 
tates of low density is often an extremely 
slow process, and where they are also bulky, 
comparatively large amounts of solution 
must be left in contact with the precipi- 
tate after each decantation; on the other 

hand the wash solution remains in contact 

with the entire precipitate long enough ^- 31. — Support (or 
I insure an equal distribution of the ^"* ^ 

ible impurity thruout its volume. On the whole the process 

R washing by decantation is slow but with certain types of preeip- 
6 it b the best method to employ. 

I Ignition of Precipitates. The precipitate finally separated is 
irily wet, and must be dried before it can be weighed; 

irequently it is retained on a paper filter, which must be burned 

up; and it often consists of a mixture, that must be converted 

iato a oompouad which has a definite composition. All of these 




changes represent gas-evolution processes, and hence precipitation 
processes involve the use of the principles discussed in Chapter X. 

The chief difficultj' encountered in igniting precipitates which 
have been separated on a paper filter is the partial reduction 
which tbey may undergo thru the action of the carbon monoxide 
and volatile hydrocarbons formed during the decompodtJon of 
the paper. The difficulty is largely eUminated by adopting the 
following procedure: 

First, the filter is dried at a temperature of 100° or less in order 
to make it possible to separate the greater part of the precipi- 
tate from the filter before it is destroyed. This is conveniently 
effected by placing the funnel containing it in a support sinular 
to that shown in Fig. 31 and heating on a hot plate or sand batfa. 

Second, the filter is removed from the funnel, inverted over s 
clean dry watch glass which rests on a piece of glazed paper, the 
precipitate detached and transferred to the watch glass without 
loss by cnunpling slightly between the fingers. 

Third, the filter is made into a compact roU and dropped into the 
crucible in which the ignition is to be made, and heated cautiously 
until all volatile matter has been "smoked off"; the temperature 
is then raised to redness and the heating continued until the resid- 
ual carbon is entirely consumed. Obviously these operations 
should be carried out in a good supply of air and hence the crucible 
should be supported on the triangle in an inclined position and tbe 
Same allowed to play against its bottom only. 

Fourth, the precipitate temporarily set aside is transferred 
without loss to the crucible by means of a camel's hair brush, 
which requires careful manipulation. 

Finally, the crucible is heated under whatever conditions are 
necessary to convert it into a pure substance of known com- 
position. This may require heating in a cuirent of some 
ticular gas. 




THE PHENOMENA OF OCCLUSION 



Theories Advanced to Explain the Phenomenon. Many pre- 
cipitates axe found to possess the property of retaining certain 
soluble constituents of the solution from which they have separated 
in such a form that they cajmot be removed, even by long-con- 
tinued washing. The phenomenon is a complex one; three 
theories have been advanced to explain it. 

Schneider suggested that the soluble salt was taken up by the 
precipitate as the latter separated) and remained distributed 
thruout the interior of the solid particles; that is, the phenomenon 
is the result of the formation of a solid solution in which the 
precipitate is the solvent and the soluble salt the solute. If this 
b true we should expect to find definite saturation limits for every 
precipitate with respect to the occluded substance, but such 
limits have not been found in most of the cases whic^i have, been 
mvestigated. ^'-'-'■■"- •n-^'" '-''■ ■ ■' *; j,^ ' U,'-,,>\^jt»ci 

Ostwald designates the phenomenon by the term "adsorption." 
This term was first used by E. du Bois Reymonds to represent the 
retention of soluble substances by porous or finely divided solids 
when placed in solutions containing them. A typical illustration 
of it is the well-known property of bone-charcoal of removing 
coloring matter from solutions. According to the theory elabo- 
I rated by Ostwald an attractive or restraining force is exerted by 
the solid, which tends to hold the molecules of dissolved substance 
in the immediate neighborhood of its bounding surfaces, and either 
delays or entirely prevents the removal of these substances by 
washing. The action of bone-charcoal seems to be remarkable 
as the great majority of solids possess this property to a much 
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smaller degree. Very few precipitates absorb coloring matters, 
and their ability to retain soluble salts is of a decidedly selective 
character. 

Richards believes that the phenomenon is due to chemical 
rather than physical forces, and designates it by the term "occlu- 
sion." According to this theory complex basic salts or molecular 
compounds, which are but slightly soluble, are formed to a greater 
or less extent along with the desired precipitate. Thus the oc- 
clusion of ferric salts by barium sulfate is explaiued by assuming 
that the latter precipitate is contaminated with small amounts of 
a double sulfate of the formula BaS04 • Fe2(S04)s • H2O. When this 
compound is ignited the ferric sulfate is decomposed, and three 
molecules of SO3 and one of water are expelled, and one molecule of 
BaSOi and one of Fe203 are obtained. This explains why the 
results are too low, when this salt separates with the precipitate, 
in spite of the fact that it is contaminated with FejQj. Altbo it 
is probable that solid solution and adsorption are in many in- 
stances concerned with the phenomenon in question, it will be 
designated in this book by the term occlusion. 

Occlusion Varies with the Concentration of the Soluble Salt 

One of the most important and well-established facts relating to 

the phenomenon is that the amoimt of occlusion increases as the 

concentration of the salt in the solution from which the precipitate 

separates increases, but is not proportional to that concentration. 

Some experiments on the occlusion of nitrates by barium sulfate 

illustrate this statement. In these experiments 25 cc. of a soluti(Hi 

of sulfuric acid containing exactly 0.425 gm. of H2SO4, which 

should, therefore, yield exactly 1.0118 gm. of BaS04, were used 

Variable amounts of potassium nitrate were added in the different 

experiments, but the solution was in every case diluted to exactly 

'W cc., heated to boiling, and the BaS04 precipitated by the 

dition of 50 cc. of a solution containing 1.3 gm. of BaCIs; after 

nding for sixteen hours the precipitate was filtered off, washed 

vroughly, ignited and weighed. The results were as folloire: 
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A qualitative examination showed that the precipitates obtained 
in the first series contained very slight amounts of chlorides, those 
obtained in the other series gave a sUght alkaline reaction. It is 
probable that the 1.5 mg. in excess of the theoretical weight 
obtained in the first scries represents occluded barium chloride, 
the much larger excess^ obtained in the other series represents 
barium oxide, which resulted from the decomposition of barium 
nitrate occluded by the precipitate. The last three series of 
experiments show clearly that the amount of occlusion increases 
with the concentration of potassium nitrate, but is not proportional 
to it. 

Occlusion Talies Place While the Precipitates Separate. A 
second well-established fact is that occlusion takes place especially 
during the time the precipitate is separating from the solution. 
I'hia was shown by a fifth series of experiments, which were car- 
ti>?d on exactly as those of the third aeries except that the 1 gm. of 
putas^um nitrate was added after the precipitant had been added 
d the mixture had been allowed to stand for ten minutes. The 
^ta obtained were 1.0140 and 1.0144 gm. respectively. These 
s show that the occlusion of the nitrate was very small if 
. after the precipitate had separated from the solution, 
e experiments are on record which show that barium sulfate 
^ other precipitates do occlude soluble salts even after they have 
rated from the solution, but to a very slight extent only. 
I Occlusion Varies with the Method of Precipitation. A third 
r wliifib h&a a. prououuced effect upon the amount of occluaion 
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is the concentration of the precipitant used, and the manner in 
which it is added. If a solution of barium chloride is added to a 
solution of sulfuric acid the latter will in general be in excess in the 
resulting mixture up to the time at which an equivalent amount 
of barium chloride has been added; if a solution of sulfuric acid 
is added to a solution of barium chloride the latter will in general 
be in excess up to the time at which an equivalent amount of 
sulfuric acid has been added. The former set of conditions will 
favor the occlusion of sulfuric acid, the latter of barium chloride. 
As barium chloride is occluded more readily than sulfuric acid, 
and further is not appreciably volatilized on ignition whereas 
sulfuric acid is completely volatilized, the method of procedure 
first named might be expected to yield lower results than the one 
named last. This was shown in a sixth series of experiments in 
which the conditions of the first series were maintained except that 
the sulfuric acid, diluted to 200 cc. was added to the barium 
chloride, diluted to 50 cc. The results obtained were 1.0249 and 
1.0212. In series 1, owing to the dilution of the solution to which 
the precipitating agent was added, occlusion of sulfuric acid was 
small and was more than counterbalanced, that is, to the extent 
of 1 .5 mg., by the occlusion of barium chloride. In the sixth series, 
on the contrary, the occlusion of sulfuric acid was reduced to a 
minimum, while the occlusion of barium chloride was at a maximuin 
and hence the average result was nearly 12 mg. too high. 

It should be noted that it is impossible to insure an absolutely 
uniform distribution of the precipitating agent thruout the mixture 
during the time it is being added. There is a pronounced tendency 
for the concentration of both reagents to exceed temporarily Ihe 
average concentration of the entire mixture at certain portiow 
of the solution. For this reason, some of the precipitate may | 
separate in the presence of a much greater concentration of odb 
reagent or the other than corresponds to its average composition, 
and the effect of mixing the two reagents in the predetennined 
order may be greatly diminished. These difficulties may b> 
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largely avoided by using dilute solutions, by adding the precipitant 
very slowly, and by stirring vigorously while it is being added. 
Complete separation of the precipitate ako requires an appreciable 
time interval, and if the rate at which it separates is less than 
that at which the recent is added, much of the precipitate may 
separate in the presence of an unduly large concentration of the 
reagent. In the experiments described above the barium chloride 
was added during an interval of ten seconds, and altho the mix- 
ture was stirred vigorously while the reagent was being added, 
even in experiment 1 an excess of 1.5 mg. was obtained. The 
actual amount of chloride occluded by the precipitate included 
not only the excess of 1.5 mg. but also the normal deficiency due 
to the solubility of the precipitate, which probably represented 1 
or 2 mg. more. It could have been greatly reduced by adding the 
precipitant more slowly and by reducing the excess added. This 
was actually shown to be the case in a seventh series of experi- 
ments in which the precipitations were made under the same con- 
cUtioQS as the first series, excepting that the precipitant was added 
drop by drop during an interval of twenty minutes. The weights 
obtwned were 1.0102 and 1.0095. 
Owing to the extreme difficulty of obtaining absolutely identical 
g co nditions with respect to these factors decided differences in the 
lount of occlusion may residt, even where the attempt is made 
I carry out the determinations under parallel conditions. This 
(largely responsible for the variations which appear in some of 
\ of experiments here described; these variations are 
cially large where the total amount of occlusion is also large. 
BWhat Salts Are Occluded, Certain iona are largely occluded, 
8 to a slight extent only. This is shown in the following series 
( experiments, which were made under the same conditions as 
' 3 first series, excepting that amounts of chlorides on the one 
ud and of nitrates on the other sufficient to jield equal concen- 
ntiona of CI and NO3 ions, respectively, were introduced into the 
(dution before precipitation. 
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1.0137 

+0.0019 




Series No 


16 


17 


18 






Salt added 


0.63 HNOs 
1.0376 
1.0400 
1.0388 
+0.0270 


0.85NaNOs 
1.0368 
1.0413 
1.0391 
+0.0273 


1 OKNOa 


Wt. of ppt. A 

Wt. of ppt. B 

Avg. A and B 

Error 


1.0308 

1.0291 

1.0300 

+0.0182 




Series No 


19 


20 


21 






Salt added 


0.8(NH4)NO8 
1.0244 
1.0238 
1.0241 
+0.0123 


0.82Ca(NO3)2 
1.0144 
1.0174 
1.0159 
+0.0041 


0.73Mg(N0i)i 


Wt. of ppt. A 

Wt. of ppt. B 

Avg. A and B 

Error 


1.0339 

1.0330 

1.0336 

+0-0217 





















By comparing the entire series of results in which chlorides were 

present with the series in which equivalent concentrations of 

nitrates were present it is apparent that the substitution of NQi 

for CI ions increased the total weight of precipitate found by an 

proxiniately equal amount. The very high results obtained 

en even moderate amounts of most of the nitrates used wwe 

•Bent are evidently due to the fact that the precipitates contained 

mteB in addition to BaS04, probably as the result of the fonnft- 
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1 of complex compounds. It is not improbable that the SO* 

8 possess an appreciable tendency to unite with electrically 
neutral BaCNOj)! molecules and that the complex ion formed unites 
with Ba ions to form a salt of the formula BaSO^ • BaCNOajj, or that 
the solution contained small concentrations of ions having the 
formula BaNOa which combined with SO* to form (BaN03)^04.* 
The probability of such reactions as these would be determined 
for the most part by the solubility of the hypothetical com- 
pound, aa compared with that of BaSO*. The occlusion of 
chlorides may be due to an analogous series of reactions, but the 
tendency for these reactions to take place is decidedly less. 

A further study of these results indicates that there are decided 
differences in the extent to which the metallic ions represented 
are occluded. The introduction of sodium, potassium, ammo- 
nium and calcium ions reduces the positive errors resulting from 
the presence of equivalent concentrations of chlorine and nitrate 
ions necessarily added at the same tune, and when chlorine is the 
union added these negative errors exceed the positive ones and 
the net results are low. The probable explanation is in all cases 
the presence of compounds similar to BaSOj - Na4S04, that is, 
the formation of double salts in which a metal having a smaller 
aWmic weight than that of barium is substituted for that element. 

The results obtained in the experiments in which hydrogen and 
magnesium ionswere added arenot BO conclusive. In general there 
is a very slight increase in the weights of precipitates obtained, 
liut these increases are not far from those that might properly be 
attributed to the chlorine and nitrate ions also added at the 
same time. Some work done by other experimenters has shown 
that the presence of moderate concentrations of hydrogen ions 
gives slightly low results, probably owing to the formation of an 
add sulfate of barium. 

Methods of Avoiding the Error from Occlusion. It is impos- 
sible to predict to what extent a given substance will be occluded 

• Hulett and Duachak, Zeit. filr anorgamache Chemie, 40, 196 (1904). 
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by a given precipitate and even where the error from this s 
is known to be large it is difficult to avoid or overcome it. 

If the ion in question is occluded but slightly and the solu 
of the precipitate is very small the error can often be reduc 
negUgible proportions by making the precipitation from a 
ciently diluted solution. In some cases it is preferable to re 
the ion which is occluded by an evaporation process, or to n* 
it by another ion which is occluded to a smaller extent by tl 
of a reagent which renders it insoluble, or converts it into 8 
In other cases it is possible to reduce the concentration of tt 
that is occluded by adding reagents which reduce its degr. 
ionization. 

In many cases it becomes necessary to purify the precip 
containing the occluded compound by dissolving and reprecii 
ing under more favorable conditions, that is, by the proces 
"double precipitation.'' The difficulty with this method i 
find a solvent which dissolves the precipitate readily withoi 
introducing large concentrations of other ions, which are ak 
largely occluded. 




GENERAL THEORY OF ELECTROLTTIC SEPARATIONS 

Chemical CImnges Effected by the Electric Current. The 

transmission of an electric current, of a sufficiently high intensity, 
thru a solution of an electrolyte is associated with physical and 
chemical changes, some of which can be used to advantage in 
quantitative analysis. 

The chemical effect at the cathode is always some form of 
reduction. The hydrogen ion here loses its positive charge, and 
either forms gaseoios hydrogen or acts directly as a reducing agent. 
Certain metallic ions, such as ferric and stannic ions, either first 
lose a part of their charges and form ferrous and stannous ions, 
or separate as metals. Certain other metallic ions, such as those 
of the alkali group, are first reduced to the metallic state, but the 
resulting metals react with water to form hydrogen and an alkaline 
hydroxide. 

The chemical effect at the anode is always some form of oxida- 
tion. The anions of the halogen group are liberated as such and 
act directly as oxidizing agents. The SOi ion decomposes into 
sulfur trioxide and oxygen, but the former reacts with water and 
forms sulfuric acid; the NO3 ion decomposes into nitrogen pen- 
toxide and oxygen, but the former reacts with water and forms 
nitric acid. The oxygen thus liberated may separate as a gas or 
may act as an oxidizing agent. Altho in general the sunple 
metallic ions separate as such at the cathode, lead, manganese and 
thallium ions separate at the anode in the form of insoluble per- 
oxides, especially if the concentration of the hydrogen ions is large. 

Metals Which Can Be Determined. Under certain conditions 
the metals precipitated at the cathode, and the peroxides precip- 
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itated at the anode adhere to the electrode firmly, and the weight 
of the metal or oxide precipitated can then be determined readily, 
if the weight of the electrode is known. The necessity of filtration, 
which forms a troublesome feature of many quantitative processes 
I is thereby avoided. A large number of factors affect the rapidity 
Fand completeness with which the different metals are precipitated, 
as well as the physical properties and purity of the resulting 
precipitate. Thus far electrolytic methods have been most suc- 
cessfully applied* to the determination of copper, mercury, silver, 
antimony, tin, iron, nickel, cobalt, cadmium and zinc as metals, 
and of lead and manganese as oxides. 

The Voltage Needed. If the difference of potential between 
two electrodes immersed in a solution of an electrolyte is small 
a barely perceptible current passes thru the solution; if the po- 
tential difference is gradually increased a point is finally reached 
at which the amount of current carried by the solution shows a 
marked increase, which corresponds to the point at which the ions 
present first begin to lose their charges. This voltage represents 
the so-called "decomposition voltage" of the electrolyte con- 
cerned. Its value is mainly dependent upon the algebraic sum 
of the numbers representing the voltages necessary to separate 
the element or radical composing the anion and cation from their 
respective charges. It depends further upon the concentration 
of the solution, the temperature, and to a slight extent upon the 
size and distance between the two electrodes and the metal of 
which they are composed. Decreasing the concentration by the 
factor ten increases the value of the decomposition voltage by 

— u„ jjj -((fhich n represents the valence of the ion concerned 

k It is difficult to determine these values accurately, owing to the 
I large number of variables concerned, and the fact that disturbhiK 

The literature of electrochemipal processes is eirtensive. Summari* " 
important methods will be found in Edgar F- Smith's ElectrochaiW*' 
and Alexander Cinssen's Quantitative Analysis by ElectrolyBa. 
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secondary actions often take place. The approximate values of 
the voltages necessary to deprive some of the more important ions, 
in solutions of normal concentration, at ordinary temperattirea, 
of their charges are as follows: 

»AI Zn Cd Fe Ni Pb H Cu Sb Hg Ag SO. 

+1 +0.19 +0.U +0.06 -O.OS -0.13 -0.28 -O.fll -0.7S -l.M -l.OS +2.18 

From this table it ia easy to calculate that it would be necessary 
to maintain a difference of potential greater than 1.57 volts in 
order to cause metallic copper to separate from a solution contain- 
ing normal concentrations of Cu and SO* ions, but as the copper 
is depoated the concentration of the copper ions continually 
decreases, and this necessitates a continuous tho slight increase 
in the voltage used, if the separation is to be even approximately 
complete. This fact is not of especial importance unless the 
solution also contains other metallic ions, which have a ahghtly 
greater decomposition voltage. In tins case it may be impossible 
to completely separate one metal without using a voltage which 
causes the second metaJ to begin to separate also. In general, 
only those metals whose decomposition voltages differ by several 
tenths of a volt can be separated from each other by maintaining 
a constant voltage during the electrolysis. The addition of certain 
reagents, such as potassium cyanide, to solutions containing two 
metals sometimes reduces the concentration of one metallic ion 
a greater extent than the other, and makes it possible to carry 
it the separation by the " constant voltage " method which would 
herwise be impossible. 
' The voltage tised also affects the current strength, for according 
lo Ohm's law the strength (expressed in amperes) must equal the 
tension (expressed in volts) divided by the resistance {expressed 
iu ohms). In a circuit in which electrolysis is being effected the 
voltage actually available is diminished by the decomposition 
'olt^e of the electrolyte decomposed; hence the current strength 
I actually available is represented by the voltage available minus 
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the decomposition voltage of the electrolyte divided by the resist- 
ance of the circiut. 

Forms of Electrodes Used. Electrodes of platinum are to be 

preferred to those of any of the more common metals, since they 

can be ignited directly in the flame, are not attacked by solutions 

of acids or alkalies during electrolysis, and can be treated for the 

removal of the precipitated metal after electrolysis with strong 

acids. Owing to the cost of the metal the cathode should be as 

hght as possible for the surface exposed; it should also have such 

a form as to favor circulation of the solution as much as possible; 

and should be capable of being easily removed from the solution, 

washed and weighed. Some of the types of electrodes in general 

use are described below. 

The Classen dish represented in Fig. 32 serves to contain the 

I solution being electrolyzed, and is itself made 

I the cathode; the anode used with it is a disk of 

I foil or a horizontally coiled spiral of wire. The 

I size in general use has a capacity of 220 cc. and 

cJTT^ weighs about 37 gm. This arrangement is not 

cZZ Z^ favorable to circulation of the solution; further, 

I I the removal of the solution and washing of the 

^— - ' precipitated metal is not conveniently carried 

Fig. 32.— Classen out. Its chief advantage is that many deposits 
E&h and Anode ^,[j;,.jj ^^.^^^ ^^^^^ favorable circumstances, aie 
but poorly adherent are more easily retwned by it inthout Ion 
than by other forms. 

The Mansfeld electrode shown in Fig. 33 consists of a cylindQ' 
of thin foil usually about 5 cm. in length and 2| cm. in tfiaot- 
eter, soldered with gold to a supporting wire. The anode wed j 
with it conasts of a cylindricaliy coiled spiral of wire placed in | 
the center of the cylinder, or a horizontally coiled spiral placed 
at the bottom of the containing vessel. If the former anode 
is used, that portion of the solution which is surrounded by the 
cathode b eSectively stirred by the currents produced by the gas 
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liberated at the anode; these currenta affect the annular space out- 
side the cathode to a slight extent only, and a much larger per- 
centage of the deposit separates on the inside 
than on the outside of the cylinder. The un- 
equal distribution of the action of the current 
over the surface is often shown by the appear- 
ance of a spongy deposit on the lower edges of 
the cylinder, whereas the other portions of the 
deposit are smooth and adherent. Its eiRciency 
may be greatly increased by drillmg a large 
number of holes m the cathode. If the horizontal 
form of anode is used the circulation of the 
solution is more equally distributed but is still 
very poor. 

The Winkler electrode shown in Fig. 34 con- ^- 33- — Mana- 
asts of a cylinder of fine gauze supported by a ^ ' ™ ™ 
wire of small diameter. The form represented is 3 cm. in diameter 
and 6 era. in length; the gauze is composed of wires 0.06 mm. 
in diameter with 41 meshes per linear centimeter. 
Unlike the Mansfeld form it offers practically no 
barrier to the circulation of the solution and 
hence the deposition ia much more rapid, and 
there is comparatively little danger of obtaining 
spongy deposits. 

The use of a small amount of mercury, which 
is placed in the bottom of the beaker or flask 
containing the solution, and connected with the 
battery by means of a platinum wire, as a cathode, 
has been suggested and used to some extent.* It 
has advantages over the other form of cathodes in 
Winkler ^^^ precipitation of metals which give poor deposits 
or are acted upon by the solution. Its com- 
iratively large weight and the need of great care in washing and 
• Jour, Amer. Chem. Soc, 25, 883 (1903) and 29, 1446 (1907). 
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drying before weighing make it less convenient than the other 
forms. 

The comparative efficiencies of the first three electrodes de- 
scribed above are shown in the following table,* which gives their 
approximate weights, available surfaces and the length of time 
needed for the precipitation of 0.1975 gm. of copper mider identical 
conditions. 



Cathode used 



Classen dish 

Mansfeld cathode 

Mansfeld cathode with holes 
Winkler cathode 



Surface 
exposed 



Sq. cm. 

100 

79 

78 

93 



Weight of 
cathode 



Gm. 

37 
11 
11 

4.2 



Time 
required 



Minutes 

400 

450 

390 

50 



Effect of Var3ring Current Strength. The amount of metal 
separated from the solution during a given time interval depends 
upon the rate at which the charges on the electrodes are renewed; 
that is, upon the quantity of electricity which flows thru the solu- 
tion during a given time interval. Hence the rate at which the 
metal is deposited depends upon the current strength, as measured 
in amperes. The law of Faraday states that the amoimts of 
different metals separated by the same current during the same 
time interval is directly proportional to their atomic weights and 
inversely proportional to their valencies. A ciurent of one ampere 
passing thru a solution of a silver salt for one hour deposits 4.026 
gm. of silver and equivalent amoimts of other metals. This law 
might be used to calculate the time needed for complete deposition 
of all of the metal present if all of the current which passes thru the 
solution was carried by the electrolyte whose cation is being 
deposited. Since, however, the concentration of the solution with 



*** The data quoted in this and the following paragraphs are given in detafl 
in Jour. Amer. Chem. Soc, 32, 1264 (1910). 
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•espect to the metal which is being determined gradually decreaseg 
and must finally become nearly zero, the resistance of the solution 
and the decomposition voltage must gradually rise and finally read 
a point at which other ions begin to lose their charges and take 
part in the transport of the current. The law of Faraday is valii 
only when the concentration of the ion which is being depositee 
is so great that a sufficient num- mi\g„w, of ccpper 
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current strength upon the rate ^° 
if deposition is illustrated by the ^o 
turves shown m Fig. 35. The so 
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f with the metal. The maxjmum current strength which can be 
safely employed increases in direct proportion to the surface of 
the cathode available. In expressing the proper conditions for 
the separation of a given metal it is customary to express the 
permissible current strength with reference to the so-called " normal 
density," which represents the ratio between the current used in 
amperes, and the cathode sur- 

Mlirit™wofCopp»r r j: ....;^., .,,„„. . 
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cm. A current of one ampere 
used with a cathode exposing 
100 sq. cm. would represent a 
normal density of one; doub- 
ling both amperage and cath- 
ode surface would not affect 
the normal density; doubling 
the amperage would double it; 
doubUng the cathode surface 
would halve it. 

Effect of Varying Concen- 
tration. The effect of varj-ing 
concentration on the rate of 
precipitation is shown by tlie 
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of the current used was carried by the copper ions than by the 
hydrogen ions. Since rapid circulation of the solution reduces 
to some extent the effect of decreasing concentration, and since 
the circulation of the solution depends upon the convection cur- 
rents produced by the gases liberated at the electrodes, part of the 
effect here shown is due to the fact that the larger volumes are 
less efficiently stirred. It is desirable, therefore, to keep the volume 
of the solution as small as possible, that is, just sufficient to cover 
the electrodes. 

The Compositioa of the Solution Used. Since the rate of 
precipitation depends upon the concentration of the metallic ion ■ 
which is to be precipitated, the addition of any other salts that 
are capable of forming complex ions containing that metal should 
be avoided. The simple nitrates and sulfates are usually to be 
preferred as electrolytes, owing to their comparatively large dis- 
sociation constants. The use of nitrates as electrolytes, and in 
general the presence of NOj ions, has the further advantage of 
reducing the danger of obtaining spongy deposits, since the hydro- 
gen liberated at the cathode is at once oxidized by the solution and 
does not contaminate the deposited metal. 

The presence of halogen salts in addition to an acid has usually 
been avoided, unless the concentration of the former is extremely 
small, since the free halogen which is liberated at the anode may 
attack the platinum, and the resulting platinum ions, which have 
I alow decomposition voltage, may be precipitated with the desired 
Further, the presence of halogen ions sometimes results 
1 the formation of spongy deposits. These difficulties can be 
raided by the addition of a sufficiently strong reducing agent, 
I It is often necessary, however, to deposit metals from solutions 
M their complex salts. Silver gives very poor, crystalline deposits 
pben separated from solutions of its simple salts, but good ones 
raen in the form of double cyanides or oxalates. Iron and zinc 
e not easily precipitated completely in the presence of even a 
1 amount of an acid, but form double oxalates from which 
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they are readily precipitated. In all these cases the small amounts 
■of simple metallic ions present are removed by the action of the 
current, the decrease in the concentration of the simple ions causes 
the complex ions to break down into simpler ones and ultimately 
the precipitation is complete. 

The addition of an acid to a solution frequently makes it possible 
to separate one of the metals present in a solution which contiuna 
several metals in a pure condition. If the hydrogen ion con- 
centration of such a solution is made sufEciently large and the 
amper£^e is kept constant none of the metaUic ions having a 
decomposition voltage greater than that of hydrogen can sepa- 
rate. This is the principle upon which the so-called "constant 
current" method of separating metals by the electric current ia 
based. 

Apparatus for Carrying on a Single Determtnatioa at a Time. 
A special form of stand is needed to support the anode and cathode 
in the solution, and provide an easy method of eoimecting the 
former with the positive and the latter with the negative pole of 
the battery. Short-circuiting of the current thru the stand is 
usually avoided by making the central rod supporting the two 
arms to which the electrodes are clamped out of giaas. 

The voltage available should be sufficiently high to overcome 
the counter electromotive force of the electrolyte and the external 
resistance of the circuit, and yield a current of sufficient strengtii 
to deposit the metal within a reasonable length of time. It ia 
further desirable that the volt^e available be much greater than 
that actually needed, for, by introducing a variable resistance or 
"rheostat" in the circuit, currents of a wider range of strengths aw 
available. These conditions arc easily satisfied by the use of » 
storage battery or a series of galvanic cells which can be depended 
to yield an approximately constant voltage for a long period 
of time. Two storage cells of the usual lead 1 1 lead peroxide type 
which give about 4.4 volts or four Daniell cells suffice for the 
usual range of determinations made 
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In order to determine whether the necessary conditions are being 
complied with, an "anmieter" showing the current strength should 
be introduced into the main circuit, and a "voltmeter" showing 
the difference of potential between electrodes should be connected 
in a shunt circuit. The proper arrangement of the various parts 
of the apparatus is shown in Fig. 37. 

Apparatus for Carrying on Several Determinations at the 
Same Time. Altho several solutions may be electrolyzed in 
the same circuit if a suJEciently large voltage is used, the same 




,»"// 



hm meter 




Fig. 37. — Apparatus for a Single Electrolytic Determination 



current necessarily passes thru all, and if several different metals 

are being precipitated it may be impossible to satisfy the proper 

conditions for each. Furthermore, after precipitation in any of 

the solutions has been completed, the current must be interrupted 

while the electrodes are being removed, possibly permitting much 

of the precipitate in some of the other solutions to redissolve. 

Por these reasons it is necessary to split up the main circuit into 

temany shunt circuits as there are determinations to be made. 

Ball these solutions offer the same counter electromotive force 

«nd resistance, the current passing thru each shimt circuit would 

te the same and could be easily regulated by varying the number 

^ battery cells used, or by introducing resistance in the main 
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f~ circuit. If the different solutions offer varying counter electK^ 
motive forces and resistances the current flowing thru each shunt 
circuit must be regulated by a separate resistance. By using the 
proper switches and making the necessary connections the same 
set of measuring instruments may be used for the entire seri^ of 
shunt circuits. Such an arrangement is presented in Fig. 38 




Plan of Wiring of Bench for Electrolytic Determinations 



Rowing two out of any desired number of the shunt circuits, each 
i which is provided with a separate rheostat, and the connections 

f which either of two ammeters or a voltmeter may be thrown 
\ or out of the circmt. One of these ammeters is used for the 

^gUrement of currents exceeding an entire ampere, the ol^er 
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for fractions. The wires used for the connections are of copper 
and so large that their resistance may be disregarded. 

The Use of Mechanical Stirriag Devices.* It has already 
been shown that the efficiency of the current used is increased by 
improving the circulation of the solution. It is also easy to show 
that Improving the circulation permits of the use of cmrents of 
much higher normal densities than would otherwise give satis- 
factory deposits under normal conditions. It becomes possible, 
therefore, to make precipitations with extreme rapidity by stirring 
the solution with a mechanical stirrer and using very strong 
currents, that is, from six to ten amperes. The stirrer used may 
be a small paddle wheel of glass rotated by a small electric motor 
or the anode or cathode may be made of such a form that they 
can be rotated by the same means. 

• An excellent summary of the methods and reaulte obtained with such 
devices will be found in A. Fisher's Electroanalytische Schnellmethoden. 



CHAPTER XX 

DETERMINATION OF CHLORINE IN SODIUM CHLORIDE 

I. Facts Upon Which the Determination Is Based 

Purity of Sodium Chloride. Sodium chloride which contains 
the theoretical percentage of chlorine can be obtained from dealers. 
Impure samples can be easily purified by preparing a nearly sat- 
urated solution, and passing a stream of hydrochloric acid gas into 
it imtil a sufiicient amount of the salt precipitates, which is then 
separated on a Witt filter-plate and dried. It is not suJEciently 
hygroscopic to make accurate weighing difiicult, but samples, 
which have stood in a moist atmosphere for some time may contain 
as much as one per cent of water. 

Properties of Silver Chloride. When first precipitated silver 
chloride is very finely divided and is then retained on a filter with 
some difiiculty; if, however, the solution is slightly acid, and if 
kept hot and stirred vigorously, or if allowed to stand for several 
hours the fine particles gradually coalesce, and, owing to their 
high specific gravity, rapidly settle to the bottom of the containing 
vessel. A solution of silver nitrate containing 24 gm. of the ] 
crystallized salt per liter forms a convenient reagent for the 
precipitation of chlorine; 1 cc. of such a solution should precipitate 
0.005 gm. of chlorine. 

The solubility of silver chloride is extremely small; it is increased 
by the presence of large concentrations of nitric and hydrochloric 
acid and the chlorides and nitrates of ammonium and the alkab 
metals. When digested with pure water it slowly changes wto 
a colloidal form, but this change is prevented by the presence of 
a small amount of nitric acid or any other soluble electrolyte. 

154 
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^P When freshly precipitated silver chloride is exposed to strong 
sunlight it darkens; this change is associated with the formation 
of a subchloride and the liberation of chlorine. Since the precipi- 
tate is not transparent the action is superficial only, and the 
percentage acted upon is small unless the mass of precipitate is 
continually broken up by stirring. 

Pure silver chloride fuses at 460° without change of composition 
and produces a yellow viscous liquid, which forms a tough, homy 
mass when allowed to solidify. It begins to 
volatilize at about the same temperature, and 
appreciable amounts may be driven off if the 
beating is continued for some minutes. 

Like most of the compounds of silver this 
precipitate is easily reduced to the metal by . 
even weak reducing agents. The efficiency 
of organic matter as a reducing agent makes 
it necessary to use extreme care in igniting 
the precipitate when separated on a paper 
61ter, and renders the use of an asbestos filter 
preferable. 

11. Preparation of a Wash Bottle 
This determination requires the use of an 

Ifficientand convenient "wash bottle," similar **' ?!'','Tr^'^'' 

... Bottle 

the one represented in Fig. 39. It should 

fl provided with a flexible joint at A and two or more easily 

ichable nozzles, which can be used to produce streams of 

ing aze. The delivery tube should be bent at B in order 

b permit of a more complete expulsion of the water when the 

lak is held in an inclined position. 

III. Outline of Method of Procedure 
\ Vraghmg Out the Sample. Place about 3 gm. of the salt in 
■ porcelain or platinum crucible, cover and heat gradually with 
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a burner until the salt no longer decrepitates. Allow the crucible 
to cool somewhat, but while still warm pour the salt into a clean, 
well-stoppered sample tube; when the tube has assumed the tem- 
perature of the balance-room weigh accurately to a tenth of a 
milligram. Hold the tube over a clean 300 cc. beaker, remove 
the stopper and carefully pour into the beaker from 0.2 to 0.4 gm. 
(not more) of the sample, then replace the stopper and agam weigh 
accurately. 

Preparation of Solution and Precipitation. Dissolve the 
sample in 100 cc. of pure water, add 1 cc. of dilute nitric acid and 
then slowly and with constant stirring a slight excess of silver 
nitrate solution; 5 cc. of the reagent referred to above in excess of 
the amount theoretically required is sufficient. Next heat the 
solution gradually to the boiling point, and keep somewhat below 
this temperature, stirring continuously, until the precipitate 
coagulates and the supernatant liquid is clear; or allow the be^er 
to stand for several hours after heating to the boiling point. The 
beaker should be kept away from direct sunlight as much u 
possible. 

Filtration and Ignition of Precipitate. Connect a clean Goocb 
crucible with a suction flask as shown in Fig. 29. Attach the flaak 
to the suction pump and add to the crucible sufficient asbestos 
pulp to leave a compact layer about 2 mm. thick when drawn 
against the bottom of the crucible by means of the pump and 
place a thin Witt filter plate on top of the asbestos. Pas 
100 cc. or more of water thru the filter till all loosely adhering 
fibers are rinsed from the outside of the crucible. Remove the 
crucible from the filter tube, place in a muffle and heat for about 
twenty minutes at a temperature of 200". Cool in a desiccate 
and then weigh accurately. 

Clean and rinse out the suction flask, connect the crucible with 
it as before, start the suction pump and decant the solution from 
the silver precipitate thru the crucible. Add to the precipitate 
in the beaker about 25 cc. of water, stir the mixture for a fe« 
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minutes, then allow it to settle and again decant thru the filter. 
Wash with three more 25 cc. portions of water, to each of which 
about one half cc. of dilute nitric acid has been added. Transfer 
the precipitate from the beaker to the filter by means of a stream 
of water from the wash bottle directed back of the precipitate. 
Finally loosen all particles of precipitate which adhere to the 
surface of the beaker by means of a rubber-tipped rod and rmse 
these also into the filter. Empty the filter flask and rinse with 
distilled water, again connect with the filter and jmss 25 cc. of 
water acidified with nitric acid thru it and test the washings 
by adding a drop of dilute hydrochloric acid. If this test shows 
an appreciable turbidity continue washing with water containing 
a little nitric acid until another test shows that the silver salts 
have been removed. FinaUy wash with 10 cc. of pure water. 

Place the crucible in a muffle, heat slowly to 200° and keep at 
that temperature for twenty minutes, then allow it to cool in a 
desiccator and weigh accurately. Again heat for ten minutes and 
reweigh and if necessary continue heating and weighing until two 
consecutive weighings do not differ by more than 0.3 mg. Cal- 
culate and report the percentage of chlorine found. 

Further Details. This is an ideal precipitation process. The 
very slight solubihty of the precipitate and the accuracy with 
which as much as two or even three grams of it can be transferred 
to a filter, dried and weighed, make it readily possible to reduce 
the error of the determination to a very small figure. The de- 
parture from the theoretical value need not exceed one-tenth of a 
per cent, and the entire determination can be made in a two-hour 
period after some experience has been acquired, if economy in 
the use of time is observed. The facts made use of in this deter- 
mination can obviously be applied to the determination with 
equal accuracy of the silver in solutions of silver salts. 
IV. Questions and Problems. Sbkieb 7 
1. Calculate the concentrationH, as deiined on page 39, of the Ag and NOi 
Bloiui in a solution containing 25 gm. of AgNOi per liter, assuming the salt at 
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this concentration is 70 per cent dissociated; also the concentrations of Pb 
and CI ions in a solution containing .74 gm. of PbCls in 135 cc., assuming the 
salt ia 80 per cent dissociated. 

2. Calculate the solubility products of AgCl, AgBr, and AgCNS from the 
data given on page 115, assuming that dissociation is complete. 

3. Calculate the solubility in gm. per liter of AgCl in the solution obtained 
by dissolving .25 gm. of NaCl in 100 cc. of water and then adding 35.4 cc. 
of reagent AgNOs solution, assiuning that all salts are completely disso- 
ciated. Am. 4.1 X 10"^. 

4. If a dilute solution of AgNOs is slowly added to a solution which con- 
tains .2 gm. of NaCl and 0.005 gm. of KCNS, will AgCl or AgCNS separate 
first? 

6. How would this determination be affected (a) by acidifying with dilute 
H2SO4 or H(C2H802) instead of HNOs, (b) by dissolving in 150 instead of 
100 cc. of water, (c) by using tap instead of distilled water, (d) if KCN or KS 
or Na2S208 were present in the solution before the nitric acid was added? 

6. If so much of the precipitate was reduced that one-fourth of the pre- 
cipitate actually weighed consisted of Ag2Cl, how large a departure from the 
correct result would appear in the report? Ans. 2.06 per cent. 

7. If you were required to determine the percentage of iodine in sodium 
iodide by precipitating as silver iodide, would it be desirable to either increase 
or decrease the amount of sample used, as compared with the amount used 
in this determination? Ans, No. 

8. How would you utilize the silver precipitates obtained in these deter- 
minations for the preparation of silver nitrate reagent? 



CHAPTER XXI 

"determination of magnesium in CRYSTALUaro" 

. magnesium sulfate (mgs0,.7h. 

1. Facts Upon Which the Determination Is Based 

Outline of Method. The magnesium ion ia precipitated by 
neutral or alkaline solutions of soluble phosphates, but the resulting 
I (ffecipitates may consist of mixtures of di- and tribasic phosphates, 
K of a number of double phosphates. Under certain conditions 
4 pure precipitate of Mg(NH4)P0i - 6 HjO can be obtained, and 
once this precipitate is converted into MgsPjOj by ignition, mag- 
nesium is usuallsf determined in this form. 
Solubility <^the Precipitate. The solubility of this precipi- 
■jfate is greater than that of most precipitates used; it camiot be 
rately determined owing to a partial decomposition in pure 
er, which is represented by the expression 
Mg(NH4)P0i ■ 6 H,0 -» MgHPO, + (NHOHO + 5 HjO. 

i reaction is reversed by the presence of moderate concen- 

■ttions of ammonium hydroxide, and an excess of this reagent 

; be used in making the precipitation and in washing the 

ecipitate, but a lai^e excess should be avoided. 

Conditions Necessary for Precipitation. A solution of 

^'aiHP04 ■ 12 HaO containing 74.50 gm. per liter, which is equiva- 

I'atto 0.005 gm. of Mg per cc, is a convenient reagent to use for 

lathis precipitation. Experience shows that unless one and one-half 

iiBes the theoretically required amount of reagent is pre,sent 

1 the solution while the precipitate is separating, the results 

Stained are slightly low. It has also been shown that if 

le solution contains very large concentrations of NH* ions, high 
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results are obtained. This has been attributed to the formation 
of small amounts of {NHi)4Mg(POi)2 wliich yields MgCPOj)* on 
ignition. The concentration of the NH, ions depends for the 
most part upon the concentration of the ammonium salts present, 
but in part upon the concentration of ammonium hydroxide. 

Several chemists have formulated the exact conditions neces- 
sary to effect complete separation of magnesium in the desired 
form; the method devised by Gooch ajid Austin* will be used 
here. In this method the proper excess of sodium phosphate is 
Erst added to the neutral or slightly alkaline solution, which 
produces a precipitate assumed to contain small amounts of 
Mga(P04)a. This precipitate is redissolved by adding a few drops 
of dilute hydrochloric acid and the magnesium reprecipitated by 
the very gradual addition of dilute ammonium hydroxide. Suffi- 
cient soluble phosphate is present during the second precipitation 
to insure complete precipitation and an undesirably large concen- 
tration of (NHi) ions is avoided by this procedure. 

The precipitate obtained should be coarsely crystalline; it shows 
some tendency for the formation of supersaturated solutions, but 
under ideal conditions complete separation should take place 
within a half hour. The separation is retarded by the presence 
of large concentrations of ammonium salts, and it is some^ea 
necessary to allow the mixture to stand for twelve hours or to stir 
vigorously for an hour. 

Conditions Necessary for Ignition. A very high temperatuW 
must be used to convert MgCNIl4)P04 into Mg^PjO?, hence ths 
precipitate should be ignited in a small crucible with a M^ker or 
Chaddock burner, or over a blast lamp. At the temperature 
finally attained a slight sintering of the precipitate takes pia« 
and if particles of unconsumed filter paper are still present they 
may be so surrounded as to prevent complete oxidation. Hence 
the temperature should be kept rather low until the combustible 
matter has been consumed. This difficulty can usually be avwdw 
• Zeit. fUr anorganiscbe Ch»jmie, 20, 121 (1899). 
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by moistening the precipitate and filter with a few drops of a 
strong solution of ammonium nitrate before ignition. 

Some chemists prefer to separate this precipitate on a Gooch 
crucible, but the large size of these crucibles increases the difficulty 
of bringing the precipitate to the proper temperature. Altho the 
precipitate is not readily reduced, it is not wise to ignite it in a 
platinum crucible as the latter becomes brittle and soon cracks if 
used repeatedly for this purpose; this is probably due to the formit- 
tion of a small amount of a phosphide of platinum. 

II. Outline op the Method of Procedtjrb 
Weighing Out and Precipitating the Sample. Place 3 to 4 gm. 
of the pure dry salt in a clean sample tube and weigh out about 
1 gm. into a 200 cc. beaker. Dissolve the sample in about 50 cc. 
of water, add one and one-half times the theoretically required 
volume of sodium phosphate solution, and then add dilute hydro- 
chloric Eicid drop by drop until the precipitate which usually 
separates redissolves. Dilute in a separate vessel 10 cc. of dilute 
ammonium hydroxide to 50 cc, and add this solution drop by 
drop with constant stirring until the solution when tested with a 
narrow piece of red litmus paper shows a slight alkaline reaction. 
Next add slowly 20 cc. of dilute ammonium hydroxide and allow 
the mixture to stand, stirring it occasionally, for ono-half hour. 

Filtration, Fold an 1 1 cm. ashless filter paper to accurately fit 
a funnel of slightly larger size and moisten with water. Decant 
the clear portion of the solution thru the filter, then transfer the 
precipitate to it by means of a stream from a wash bottle which 
contains a mixture of one volume of dilute ammonium hydroxide 
to four of water. Continue washing with this mixture until 
20 cc. of the washings give no recognizable test for chlorine. 
Finally moisten the precipitate and filter with a few drops of a 
five per cent solution of ammonium nitrate. 

Igniting and Weighing the Precipitate. Dry the filter and 
while waiting for it to dry ignite and weigh a small porcelain 
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crucible. Separate the precipitate as far as possible from the filter 
and complete the ignition as directed on page 132. The final ignition 
should be made with a cover on the crucible using the full heat of 
a M^ker or Chaddock burner for at least twenty minutes, and 
repeating until consecutive weighings, which do not differ by 
more than 0.3 mg., are obtained. Difficulty is sometimes expe- 
rienced in obtaining a perfectly white precipitate owing to incom- 
plete combustion of small amounts of carbon. This is sometimes 
due to imperfect removal of soluble phosphates. It can often 
be corrected by adding a few drops of ammonium nitrate solution 
to the crucible and repeating the ignition. 
Calculate and report the percentage of magnesium present. 

III. Questions and Problems. Series 8 

1. Why would you expect that the compound Mg(NH4)P04 • 6 HiO migbt 
react with water? What reagents should reverse this reaction? Which of 
these could be used in washing the precipitate? 

2. What reagents ought to reduce the solubility of Mg(NH4)P04«6HiO? 
Which ones could be used for this purpose in the quantitative determination 
(a) of magnesium, (b) of phosphoric acid? 

3. What factors would determine whether Mg(NH4)P04« 6HjO oi 
Mg(NH4)4(P04)2 would separate in this determination? 

4. What factors determine the completeness of the reaction which takes 
place when Mg(NH4)P04 • 6 H2O is ignited? What would you exped to 
happen when (a) MgNaP04, (b) Mg(NH4)4(P04)2 or (c) NaH2P04 are heated? 
heated? 

6. Calculate the chemical factors (see page 74) for converting Mg2PA 
into (a) MgO, (b) P2O0, (c) MgS04-7H20, (d) MgS04- Na2S04- 4H2O. 

6. What is the probable formula of a salt which is found to contain 5.97 per 
cent of Mg, 19.40 of K, 47.76 of SO4 and 26.80 of water? 

7. What other metallic ions may be present when this method is used 
for the determination of magnesium? 






CHAPTER XXII 



I. Facts Upon Which the Determination Is Based 

Composition of Ferrous Anunoaium Sulfate. This salt has 
the formula FeSOi • (NH4)2S04 ■ 6 H^O and is readOy obtained in a 
high degree of purity. As it slowly oxidizes and loses some of its 
water, even at 25°, it should be preserved in a stoppered bottle in 
a cool place. If these changes have taken place the crystals show 
a reddish color and lack their usual transparency. 

Conditions Necessary for the Separation. The decomposi- 
tion voltage of the ferrous ion is 0.34 volt higher than that of the 
hydrogen ion and the metal cannot be separated from solutions by 
an electric current unless the concentration of the hydrogen ion 
is small. It is not possible to separate the metal in a satisfactory 
form from solutions of simple ferrous salts, but good results are 
obtained if the solution also contains a large concentration of 
anunonium or potassium oxalate. 

The solubility of ferrous oxalate is only 0.077 gm. i>er liter, and 
since double oxalates of ammonium and potassium are easily pre- 
pared, it is probable that most of the iron in such solutions is in 
the form of a complex ion. The composition of this ion is not 
definitely known, but its formation can be represented by 

X FeCsO* + y C^Oi + 2 ^(NH,) -» (FeCaOj.CGaOi)^ + 2 jf(NH,). 
It has been shown that for every atom of iron present in such 
solutions four molecules of potassium oxalate must be present to 
prevent the separation of a precipitate containing iron. Such 
precipitates are not easily dissolved by the addition of further 
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amounts of soluble oxalates, and in preparing the solution care 
must be taken to add the iron solution to a concentrated solution 
of the soluble oxalate. The voltage necessary for the separation 
of iron from such solutions is somewhat higher than that necessary 
to separate it from solutions of simpler composition. 

Secondary Effects of the Electrolysis. The CjOi ions present 
are slowly oxidized to COa ions at the anode and since the tem- 
perature of the solution may rise to 60°, owing to the large am- 
perages usually employed, much carbon dioxide is expelled. As 
NHg is not expelled to the same extent, the solution may acquire 
a sufficient degree of alkalinity to precipitate some of the iron; 
it then becomes necessary to add sufficient oxalic acid to dissolve 
the precipitate. 

Properties of the Precipitate. The separated metal forms 
smooth coherent deposits even when deposited on foil electrodes, 
by the use of a current measuring as much as three amperes 
(normal density). It is not acted upon appreciably by the solution 
as usually prepared, but is rapidly dissolved by even small concen- 
trations of mineral acids. It is easily oxidized, especially when 
moist, and must be rinsed with at least two changes of alcohol to 
displace the adhering water, dried at a temperature not in excess 
of 60°, and weighed without delay, if oxidation is to be avoided. 

Effect of Additional Substances. Solutions containing ferric 
sulfate or chloride also form double oxalates, but since reduction 
to the ferrous condition precedes precipitation of the metal the 
time needed is greater. The presence of the NO3 ion must be 
avoided, owing to its oxidizing power. The presence of all metals 
which stand below, or only slightly above iron in the electro- 
potential series must be avoided. 

n. Outline of Method op Phocedure 
Splitting a Watch Glass. The large amount of gas liberated 
during this electrolysis makes it necessary to cover the containii^ 
:l; a watch glass which has been split into halves can be used 
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* lirith advantage. To split the glass make a scratch on its convex 
surface with a steel or diamond glass-cutter, using a piece of card- 
board for a straight edge, and then bring the glass along the 
scratched line into contact mth a piece of fine nichrome wire which 
is heated to dull redness by means of an electric current. If the 
glass does not fall apart at once place a drop of cold water on the 
line heated by the wire, 

Preparatioii of the Solution. Place about 5 gm. of the salt in 
a dry sample tube and weigh out about 1 gm, into a 100 cc. beaker. 
Add 25 cc. of water and stir until the salt dissolves. Weigh out 
approximately 6 gm. of crj'stallized ammonium oxalate into a 
200 cc. beaker of narrow form, add 50 cc. of water, warm and stir 
till the salt dissolves. Add the iron solution to the oxalate solu- 
tion, and rinse out the beaker with three 10 cc. portions of water. 
The resulting mixture should be perfectly clear and of a deep 
yellow color. 

Electrolysis of the Solution. Ignite a clean platinum cathode 
of the RIansfeld or Winkler type in the fiame of a burner, allow 
to cool without placing in a desiccator, and weigh accurately. 
Place the cathode in the iron solutions and an anode in the center 
of the cathode cylinder. Carry the beaker to the bench contain- 
ing an installation similar to that represented in Fig. 38, Throw 
the ammeter and voltmeter switches opposite one of the vacant 
electrolytic stands to the point marked zero, and turn the arm of 
the adjustable rheostat well over to the left of the center as shown 
in the figure. Connect the cathode with the lower arm of the 
electrolytic stand and the anode with the upper arm, carefully 
adjusting both electrodes so that both extend to within a few mm, 
of the bottom of the beaker, but do not come into contact with 
one another. 
^^ Next note whether the needle of the ammeter (the one reading up 
H^p fifteen amperes) stands at zero, which means that the instrument 
^Hl not being used on any of the other circuits, and if not at zero 
^^^t until out of use. As soon as the pointer of the instrumsiifc 
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stands at zero throw the ammeter switch to the point marked 
and slowly turn the arm of the rheostat till the instrument shows 
that a current of one and one-half amperes is flowing thru the circuit ; 
then throw the ammeter switch back to the point marked one. 
Next turn the voltmeter switch to the point nearest the circuit 
in use and after recording the reading of the needle return the 
switch to the central point. 

Allow the current to run for 80 minutes if the Winkler cathode 
is used, or two hours if a Mansfeld cathode is used. At the end 
of this time the solution should be perfectly colorless and should 
show no traces of precipitate. 

Washing and Weighiag the Cathode. Fill a 200 ec. beaker 
with distilled water and place on the desk near the solution; raise 
the electrolj-tic stand without breaking the circuit or discoimecting 
the attached wires and plunge the electrodes without loss of time 
into the beaker of water. Add to the beaker containing the 
residual solution a few cc. of potassium ferrocyanide; if it givea 
a perceptible reaction for iron the determination should be 
repeated. If no iron is found in the solution, disconnect the 
cathode and rinse in the water of the beaker, then remove and 
bring into conttict with a large piece of filter paper until most of the 
adhering water has been absorbed. Rinse the cathode in alcohol, 
using first the cylinder marked "for first washing," then the 
cylinder marked "for second washir^," which should contain 
98 per cent alcohol, and drain on a piece of filter paper. Dry in 
an air bath at a temperature of about 60". Do not allow the 
alcohol on the cathode to catch fire; if it does so the precipitated 
iron will also bum, and the heat liberated will cause some of it 
to alloy with the platinum and spoil the electrode. Weigh the 
Kie accurately and calculate the per cent of iron present, 
le cathode in a beaker containing dilute sulfuric acid and 
5 remain until absolutely all the deposited h-on has been 
f ; thb can be determined by noting whether hydrogen 
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III. QuEsnoHB AND Problbus. Sbbibs 9 
t Explain why a large amount of gas is liberated at the cathode during 
the bt«r Btagea of the deposition but not during the earliia'. 
1. On the baais of Faraday's law how long a time would be required to 

((Icposit all tlie iron present in 1 gm. of ferrous ammonium sulfate if a current 
df 0.5 ampere is used? Why is the calculation of no practical value? 
1. Exactly why is the formation of a precipitate prevented by adding tlie 
, iron solution to the oxalate solution? 

t If the teiTocyftnide test used showed that iron was etill present why not 
rrpluce the electrodes in the solution and continue the electrolysis instead 
of discarding the determination? 

B. If the deRotnpoBJtion voltage of a normal solution of the ferrous ion is 
-^0.34 volt, what voltage would it be neceasaiy to use to reduce the conoen- 
Wiilion of the ferrous ions to O.OOOSti gm. in a volume of 100 oc.? 

Arts. +0.456. 

6. Why is the voltage necessary for the deposition of iron from a ncutrtd 
aoluiion of ferrous sulfate increased by the addition of ammonium oxalate? 

7. Outline an electrolytic method for the determination of iron in a sample 
of iron wire and give all the reactions concerned. 

8. How many storage battery cells, each of which is capable of furnishing 
2,2 volts, would be necessary to give the voltage required for ten simul- 
taneous determinations, assuming that the fall of potential per solution is 
U.j volt, that the resistance of each solution and connections is 0.5 ohm and 
< hat a current of at least one ampere is maintained (a) when the solutions are 
iii iwies, (b) when they are in parallel? Would it be advisable to decide 
u|xin the number oF cells from the voltage calculated? 

9. Show by means of a simple diapam the course of the current during 
(Jeptrolysis when (he ammeter switch (a) is at the point 2, (b) is at the point 
i •<( Fig. 38, {c) when the voltmeter switch is at such a position that the 
vultage ia registered. 



CHAPTER XXIII 

DETERMINATION OF SULFUR IN IRON PYRITES 

I. Facts Upon Which the Determination Is Based 

Composition of Pjnites. This mineral is represented by the 
formula FeS2, but it is frequently associated with the sulfides of 
other metals, especially copper, zinc, arsenic and lead, with the 
sulfates of calcium and bariiun, and almost invariably with silica 
and various insoluble silicates. It is assimied that the sample 
used for this determination contains at least 35 per cent of sulfur, 
only small amounts of copper, zinc and arsenic, and neither barium 
nor lead. It is assumed further that the sample has been crushed 
and passed thru a sixty-mesh sieve, carefully mixed and dried. 

Methods of Oxidizing Sulfides. Two methods are in general 
use for the oxidation of naturally-occurring sulfides; in one the 
mineral is treated with a strong mineral acid and a strong oxidizing 
agent, such as potassium chlorate, nitric acid or bromine; in the 
other it is fused with a mixture of sodium carbonate and either 
sodium peroxide or potassium nitrate. The presence of NO3 ions 
in the solution from which barium sulfate is to be precipitated 
must be avoided, owing, as shown on page 135, to the extent to 
which nitrates are occluded. Since, however, the NO3, ClOj and 
Br ions can be easily expelled by evaporating the solution with a 
large excess of hydrochloric acid, and since no sulfuric acid is 
expelled if this evaporation is made on a steam bath, there is no 
objection to the method of oxidation first named. The presence 
of the large amounts of sodium and potassimn salts necessarily 
introduced in oxidizing by the fusion process also results in errort 
from occlusion, and since these salts cannot be removed frointh*i 
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a by any satisfactory process this method of oxidation is to 
e avoided. 
Most samples of pyrites can be completely and rapidly oxidized 
by means of a mixture of three volumes of concentrated nitric 
and one of concentrated hydrochloric acid. In some instances, 
especially where the temperature of the mixture is allowed to rise 
too high, and the decomposition of the sample takes place too 
rapidiy, small amounts of free sulfur may separate; this can 
usually be oxidized by the addition of a few drops of liquid bromine, 
whose oxidizing properties are stronger than those of nitric acid. 
Treatment of the sample with this mixture and the subsequent 
evaporation with hydrochloric acid insures complete oxidation of 
the iron and arsenic, and renders all constituents soluble except 
silica and the insoluble silicates. 

Separation of the Iron Before Precipitation of Barium Sulfate. 
The filtrate from the insoluble matter will contain large amounts 
of ferric chloride, also the chlorides of the other metals present. 
If barium sulfate is precipitated from such a solution it will contain 
occluded ferric sulfate and, as shown on page 134, this will lead to 
f low results. 

[ the iron is precipitated by the addition of aromonium hy- 
ide, appreciable amounts of ammonium salts are added to the 
pjon, and as ammonium sulfate is both occluded by the precip- 
b and expelled during ignition, a rather large error may result 
s the amount of acid present in the solution before precipita- 
I is reduced to a minimum. 

; precipitate obtained by the addition of ammonium hy- 
e to a solution containing ferric sulfate may contain appreci- 
I amounts of basic sulfates, unless a relatively large excess of 
tpitant is used and the mixture heated for some time. Even 
c sulfates have been formed, it is difficult to wash out 
t traces of soluble sulfates from the precipitate, and it is 
leafe to discard the latter until it has been proved to be free 
1 these compounds. The washed precipitate can be dissolved 
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in a very small amount of warm dilute hydrocliloric acid, the iron 
again separated and the sulfur precipitated in the resulting filtrate. 
Under the proper conditions the weight of barium sulfate obtained 
from the second filtrate should not exceed 10 mg., and is often 
inappreciable. Where extreme accuracy b not essential the 
method may be abbreviated somewhat by precipitating the small 
amount of barium sulfate in the hydrochloric acid solution of the 
precipitate, without removing the iron. 

Properties of Barium Sulfate. The solubility of barium sul- 
fate amounts to 2.2 mg. per liter; it is increased by small concen- 
trations of nitric or hydrochloric acid; it is decreased by small 
concentrations of sulfuric acid or salts which yield SO* ions, but 
the salt is decidedly soluble in concentrated sulfuric acid. It has 
a density of 4.49 gm., and when precipitated under the proper 
conditions settles rapidly. As much as 2 gm. of the precipitate 
can be easily and rapidly filtered and washed on an II cm. filter. 

The barium sulfate precipitate is usually classed as pulverulent, 
but its properties are affected to a large extent by the conditiona 
of precipitation. That produced by the addition of a salt of 
barium to a cold concentrated solution of a soluble sulfate is oftfli 
so finely divided that it cannot be retained on the filters usually 
employed. Altho long-continued digestion increases the size of the 
particles of which such a precipitate is composedj it is preferable 
to avoid the formation of such precipitates by causing it to separate 
from a hot solution whose concentration does not exceed 3 gm. of 
SO* per Uter. The presence of a small amoimt of acid makes the 
precipitate more compact, causes it to settle more rapidly, and. 
reduces its tendency to creep. 

The conditions which result in the formation of a preciptaW 
of the most desirable physical properties also result in a sligt^ 
tendency for supersaturation. Under the conditions which anj 
recommended later the precipitate should be allowed to stand 
at least one hour before filtration; increasing the amount of 
increases the time necessary for complete separation. 
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^P The precipitate produced by the addition of a salt of barium to 
a slightly alkaline, or eVen to a neutral solution of a soluble sulfate 
may contain, in addition to barium sulfate, small amounts of basic 
sulfates, and, also, as the result of the absorption of carbon dioxide 
from air, of barium carbonate. The presence of a slight concen- 
tration of hydrogen ions prevents the formation of either of these 
compounds. K, however, the concentration of the hydrogen ions 
is not kept very small, low results are obtained, owing to the fact 
that imder these conditions appreciable amounts of an acid sulfate 
of barium is occluded. The maximum concentration of hydrogen 
ions should not exceed 0.02 gm. per liter. 

Conditions Necessary for Ignition. Pure barium sulfate is 
not decomposed appreciably by heating in dry air up to a tempera- 
ture of 1400°. If heated in the presence of carbon, carbon mon- 
oxide, or other reducing agents it is partly reduced to the sulfide 
even at a temperature of 600°; the presence of moisture also seems 
p favor this reduction. If the precipitate is ignited with the filter 
■ without previous drying appreciable amounts of barium 
Ifide may form, unless the temperature is kept very low until all 
■ the water and volatile organic matter has been driven off. If 
me of the precipitate has been reduced it can be changed back 
the sulfate by moistening with dilute sulfuric acid, evaporating 
pdiTiiess and igniting. ^^H 

II. Outline op Method of Phocedubb ^^M 

lOzidation of the Sulfur. Weigh out 0.5 gm. of the sample 

3 a 150 cc. beaker, cover with a watch glass, add 10 cc. of a 

ixture of three volumes of concentrated nitric and one of con- 

ptrated hydrochloric acid and allow to stand for ten minutes. 

■brown fumes are not evolved at the expiration of this time warm 

e beaker gently until the mixture begins to re^ct; if the action 

»mes too violent, restrain it by placii^ the beaker in a dish of 

i water. When brown fumes are no longer given off and when 

e residue contains no particles of a brassy-yellow color it may be 
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assumed that the decomposition of the sample is complete. If 
decomposed too rapidly, yeUow or greenish-yellow particles, which 
consist for the most part of free sulfur, will float in or on the solu- 
tion; the oxidation should then be completed by adding one or 
two drops of liquid bromine (not bromine water) and allowing to 
stand on the steam bath for a few minutes. 

Displacement of Nitric Acid. Remove the cover from the 
beaker, rinse oflf the former with a little water and evaporate the 
solution to dryness on the steam bath, then add 10 cc. of dilute 
hydrochloric acid and evaporate to dryness as before. Moisten 
the residue with 1 or 2 cc. of dilute hydrochloric acid, add 50 cc. 
of water and digest until all soluble salts have been brought into 
solution, noting especially that the ferric sulfate present in the 
residue often dissolves very slowly. 

Separation of Gangue and Iron. Filter through a 7 cm. 
filter into a 300 cc. beaker and wash with at least 50 cc. of cold 
water. Dilute the filtrate to 150 cc, heat nearly to boiling and 
add anmionimn hydroxide until the resulting mixture smells of 
ammonia and all of the iron seems to be precipitated. Keep the 
mixture near the boiling point for about five minutes, then allow 
the solution to stand till most of the precipitate has settled. 
Decant oflf the clear portion of the solution thru an 11 cm. filter, 
receiving the filtrate into a 500 cc. beaker, then transfer the 
precipitate to the filter and wash with hot water "churning up" 
the precipitate frequently with a stream from the wash bottle, 
and using about 200 cc. of wash water in all; this forms filtrate 
No. 1. 

Set aside the beaker containing the filtrate and place the beaker 
in which the iron was precipitated under the funnel. Transfer as 
much of the precipitate as can be readily picked up by means of a 
stirring rod to the bottom of the empty beaker, taking care to avoid 
rupturing the filter; at least three-fourths of the precipitate can 
be easily transferred by this means in a few minutes. Add suffi- 
cient warm dUute hydrochloric acid, drop by drop, to the precipitate 
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still remaining on the filter, to completely dissolve it, using not 
more than 10 ce. of the reagent, preferably less. Wash the filter 
with cold watei" long enough to remove the ferric chloride and 
make it colorless, finally warm the mixture in the beaker until a 
perfectly clear yellow solution is obtained. Dilute the solution to 
150 cc, reprecipitate the iron as before and again filter and wash, 
receiving the filtrate {filtrate No. 2) in a 500 cc. beaker. 

Precipitation of Barium Sulfate. Add to both filtrates (No. 1 
and 2) a drop of methyl orange indicator, then dilute hydrochloric 
acid until the solutions are slightly red and then three drops of acid 
in excess. Heat filtrate No. 1 to boiling and add with constsjit 
stirring 30 cc. of barium chloride solution, 1 cc. of which is equiva- 
lent to 0.01 gm. of sulfur, also heated nearly to boiling. Heat 
filtrate No. 2 in like manner and add 10 cc. of barium chloride 
solution. Allow both precipitates to stand for at least one hour, 
then filter on separate filters and wash thoroughly with hot water 
and dry. 

Igniting and Weighing Precipitate. Bum the filter contiun- 
ing the precipitate from filtrate No. 2 in a porcelain or platinum 
crucible; separate the precipitate obtained from filtrate No. 1 from 
its filter and burn the latter, in the same crucible. Finally add the 
main precipitate to the crucible and ignite for at least ten minutes 
over a good flame, allow to cool and weigh accurately. Calculate 
the percentage of sulfur present in the original sample. 



111. Additional Notes on the Determination 



I 

Wt This determination is of much industrial importance and has 
■^jcen made the subject of many investigations.* Duplicate deter- 
minations by the method here outlined need not differ by more 
than 0.2 per cent, and give very nearly the true percentage of 

• See Hinze and Webber, Zeit. fiir andytische Chemie, 46, 31 (1906); 
Allen and Johnston, Jour, of Indwstrial and Eng. Chem., 2, 196 (1910); Allen 
and Bishop, Eighth Int. Congreaa of AppUed Chemistry, Vol. I, page 33 



I 
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sulfur present. An entire determination can be completed within 
three houra in addition to ttie time the precipitate is allowed to | 
stand before filtering. 

IV. Questions and Peoblbms. Sbbibs 10 

1. A lump of ore weighs 500 gm. and coaaiata of 20 per cent quartz (sp. gr. 
2.8) and 80 per cent pyrite (sp. gr. 5). If the sample is crushed, mixed and 
quartered twioe, and again crushed and mixed, what is the maximum pennis- 
aible size of particle for the three crushingB in order that the portions removed 
at the two HUceesaive quarterings and the 0.5 gm. portion used for the analy- 
sis shall represent the correct composition of the sample with an error not 
exceeding 0.1 per cent? (For method of calculation see page 27.) 

Am. 4.7, 2.96 and .75 mm. 

2. What advantages are there in keeping the filtrate from the two iron 
precipitates separate rather than uniting them? 

3. How would you proceed in order to determine the amount of barium 
chloride occluded by the precipitate of barium sulfate found? 

4. VVhat ia the percentage error of a determination of sulfur in which the 
0.874 gm. of precipitate found and assumed to be pure BaSOi actually contains 
0.02 gm. of Na if the Na is occluded as su^ested on page 139? i 

fi. If the ash of the filter paper used weighed 0,0002 gm., how lai^ a de- 
parture from the correct percentage would result from failure to correct for 
it, assuming that 0.5 gm. of sample is used and that it contained 40 per cent ' 
of sulfur? 

6. Write the reactions which probably take place when pure pyrite ia I 
treated with aqua r^ia. What is Uic action of (a) pure bromine, (b) of j 
e water? 




CHAPTER XXIV 

iPARATIOK OF CALCIUM FROM MAGMESmM AND PARTIAL 
ANALYSIS OF LIMESTONE 

I. Facts Upon Which the Analysis Is Based 

FCompositioa of Limestone. This rock invariably contains, in 
feddition to calcium and magnesium carbonates, small amounts of 
the carbonates and oxides of iron, noanganese and alumina, and 
more or less quartz, clay and other silicates. The minerals pyrite, 
graphite, apatite and gypsum are frequently associated with 



Proximate Method of Analysis. This analysis forms one of 
the problems frequently presented to the analyst since limestone 
ia an essential raw material in many branches of chemical tech- 
nology. The complete analysis takes much time and labor, and 
for many technical uses is unnecessary; hence in many factories 
it ia customary to make a more rapid "proximate analysis," in 
which certain groups of constituents, which are present in small 
Mnounts only, are separated and reported as a whole, rather than 
Uing resolved into their ultimate elements. 

If the sample is treated with nitric or hydrochloric acid the 
luartz, graphite and most of the silicates remain undissolved. If 
the amount of insoluble matter left is very small it is frequently 
ignited, which effects combustion of the graphite, weighed, and 
ttported as "gangue" or "insoluble matter." If the amount 
present is larger it is usually considered necessary to treat the 
siunple as an insoluble silicate (see Chapter XXVII), or to treat 
Ibe gangue matter which has been separated as an insoluble 
ailicatc. 
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The iron, aluminum and pho^hcmc acid are almost invariably 
separated from the other bases present by the use of ammonium 
hydroxide. The resulting precipitate can be resolved into its ulti- 
mate constituents by methods discussed in other chapters of this 
book; they are more frequently weighed tog^er and reported 
as mixed oxides. The small amount of manganese which is some- 
times present can be separated with approximate accuracy from 
the filtrate by the addition of bromine, which causes this element to 
separate as the hydrated dioxide. 

The loss which results from ignition represents still a third 
group of constituents of which carbon dioxide is by far the most 
important; this determination is sometimes substituted for the 
more accurate estimation of this constituent. 

After eliminating all of the elements named only calcium and 
magnesium remain. As the percentages of these elements often 
have an important practical significance they are usually deter- 
mined with considerable care and accuracv. 

Sources of Error in the Determination of Gangue. This de- 
termination furnishes an illustration of a solution process depend- 
ent up)on the chemical action of a reagent ."see Chapter XXMII). 
Since certain silicates such as clay are but slowly acted upon by 
the acids used the results obtained depend to some extent upon the 
fineness of the sample, the length of time it is treated and the 
composition of the acid used: there is no generally accepted 
standard method of procedure. SuflScient nitric acid should be 
present to dissolve any p}Tite, and to effect complete oxidation of 
the iron. After decomposition has been effected the solution should 
be evaporated to complete drmess to dehydrate and render in- 
soluble the silicic acid formed (see Chapter XXMI). 

Sources of Error in the Determination of Iron and AlumioA* 
Ferric hydroxide and aluminum hydroxide form bulW precipitates, 
which are extremely difficult to filter and wash. When separated 
bv the addition of ammonium hvdroxide, from a solution which 
also contains calcium and magnesium, the resulting precipitate 
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invariably contains these elements aJao, even tho a lai^e amount 
of ammonium chloride was present. This is due in part to the 
difficulty of washing the precipitate and to occlusion; it may abo 
have resulted from the absorption of carbon dioxide by the reagent 
before use or by the mbcture after precipitation and formation of 
insoluble calcium carbonate. 

Ammonium hydroxide acts upon glass, especially the ordinary 
soft glass, appreciably, and solutions which have stood in bottles 
for some time invariably contain a scale-like precipitate which is 
largely composed of silica; it can be removed by filtration, but the 
filtered solution may still contain small amounts of soluble silica, 
some of which may separate when the reagent is used. Hence 
when results of the greatest accuracy are demanded this precipita- 
tion must be made in vessels of resistant glass or still better of 
platinum, and the ammonium hydroxide used must be freshly 
distilled. In commercial work the only precaution usually taken 
is to filter the reagent, and to reduce its concentration and the time 
it is in contact with the containing vessel to a minimum. 
The hydroxides of iron and aluminum are converted into the 
iponding oxides at a temperature of about 600° and much 
pier temperatures can be used without danger of further changes. 
nie oxide is easily reduced to lower oxides by organic matter at 
IB temperature, 

(Properties of Calcium and Magnesium Oxalates. Crystalline 
Kcium oxalate (CaCaOi ■ 2 HaO) dissolves in water to the extent 
of 5.6 mg. per liter. If precipitated from an alkalme solution it is 
finely divided and bulky, but if precipitated from an acid solution 
a coarsely crystalline. It occludes magnesium, and to a less 
■fflttent sodium, potassium and ammonium salts, probably as the 
ult of its tendency to form double salts of these metals. The 
mt of occlusion is reduced by precipitating from a solution 
Intaining a slight excess of free acid; under such conditions, 
wever, the precipitation is incomplete and altho about 80 per 
|t con be separated from a solution which is distinctly acid, the 
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remainder must be separated from a solution which is distinctly 
alkaiine. For these reasons it is decidedly preferable to separate 
most of the precipitate by the addition of a solution of oxalic acid 
to the neutral or barely acid calcium-<iontaining solution, and the 
balance by neutralizing the resulting mixture. A reagent which 
contains 45 gm. of crystallized oxalic acid (CsHjO^ ■ 2 HjO) per liter 
(1 cc. of which is equivalent to 0.02 gm. of CaO) is a convenient 
one to employ. 

Magnesium oxalate (MgCi04 ■ 2 HjO) is soluble in water to the 
extent of 300 mg. per liter, but shows a remarkable tendency to 
form supersaturated solutions, so that the apparent solubility may 
rise to three hundred times the normal value. Supersaturated 
solutions of this kind deposit a lai^e part of the excess of dissolved 
salt rapidly but much of it is retained in solution even after long 
standing. 

Calcium is not completely precipitated from solutions containing 
large amounts of magnesium salts unless an excess of CjO* ions 
are present. If sufficient 0^04 ions are present to combine with 
both the calcium and magnesium present the precipitation is 
complete; excessive concentrations of C2O4 ions must be avoided 
to prevent the solution from becoming suj)ersaturated with respect 
to magnesium oxalate. 

The properties of these oxalates which are enumerated above 
make it necessary to adopt and adhere to certain definite conditiona 
in separating calcium from magnesium. The weight of oxalic acid 
used, aa compared with the weights of calcium and magnesium 
present, and the total volume from which the precipitate is made 
to separate are of especial importance. The directions which are 
given below are especially designed for the analysis of limestone;* 
they also apply to samples in which the proportion of magnesium 
to calcium is much greater than that found in limestone provided 
the amount used is sufficient to furnish a total weight of 0.4 gm. 
of the two oxides. 

• Jour, of Amer. Chem. 80c., 81, 918 (1909). 
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Theory of the Method Used. The occlusion of magneaum by 
calcium oxalate has been made the subject of many investigations, 
I l)ut it was first shown by Richards * that the error from this source 
' could be greatly reduced by the presence of large concentrations 
of NHj ions or of small concentrations of hydrogen ions. This 
seems to be due to the fact that a large concentration of NH* ions 
must increase that of the complex raagnesium-amroonium ion 
and reduce that of the simple magnesium ion, and, therefore, that 
of the undissociated magnesium oxalate. Similarly, since the 
hydrogen ion represses the ionization of oxalic acid, it reduces the 
concentration of the CaO* ion, and, therefore, that of the undisso- 
ciated magnesium oxalate. As the amount of occlusion depends 
upon the concentration of the undissociated magnesium oxalate 
either reagent should reduce the error from this source. 

Weighing the Calcium Precipitate. Altho crystallized cal- 
cium oxalate loses most of its water at 200° it is difficult to expel 
all of it without causing some of the precipitate to decompose into 
calcium carbonate and carbon monoxide. It can be completely 
chained into the carbonate by heating for a long time at 400° or 
into the oxide by beating to 850°. As the oxide rapidly absorbs 
tilth water and carbon dioxide it must be weighed in a covered 
tnjcible as rapidly as possible. 

The Separation of Magnesium. The filtrate from the calcium 
liss a large volume and contains a large amount of ammonium 
ctdoride and some ammonium oxalate. These conditions make it 
necessary to modify somewhat the method used in Chapter XXI. 
The large concentration of the NH^ ion greatly retards the sepa- 
^ation of the precipitate and gives it an abnormal composition. 
Hence it becomes necessary to concentrate the solution, to make 
a preliminary precipitation in which the precipitate is allowed to 
stand for ten hours, to separate and redissolve this precipitate and 
to make a final precipitation as in the analysis of magnesiuia 
Sulfate. 

• Proc. Am. Acad, of Arta and Sfiiences, 36, 375 (1901). ^ 
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11. Odtline of Method of Phocedurb 

Separation of the Gangue. Weigh out about .7 gm. of the 
\ finely-ground sample into a 200 cc. beaker, cover with a watch 

I glass and gradually introduce 20 cc. of dilute hydrochloric and 5 

f of dilute nitric acid. When violent action ceases, heat the beaker 

on a steam bath long enougli to insure complete decomposition, 

that is, until no more gases are liberated. Then remove the 

watch glass, rinsing off the under surface with a stream from a 

wash bottle, and evaporate to complete dryness. To the residue 

add 10 cc. of dilute hydrochloric acid and digest five minutes, or 

until the basic salts or oxides which may have formed have been 

mtirely dissolved. Add 20 cc. of water, filter thru a 7 cc. filter, 

wash four times with 10 cc. portions of wat§r and drain. Place the 

. Btill moist filter in a weighed crucible and beat cautiously over a 

k wire gauze until the water has been expelled and the paper con- 

lumed; finally ignite over a direct flame for about ten minutes, 

ihen cool and weigh accurately. Calculate and report the per 

tnt of gangue present. 

Separation of Iron and Aluminum. Warm the filtrate from 
liie gangue and add to it slowly and with constant stirring recently 
pltered ammonium hydroxide until the solution smells distinctly 
f the reagent. Place the beaker on the sand bath and keep at a 
mperature slightly below the boiling point for about ten minutes, 
r until the odor while still easily recognizable is not unpleasantly 
This should cause the separation of a small amount of 
k precipitate whose color may vary from red-brown to white; if 
p is dark brown or black it indicates that manganese is present 
I it, probably because the concentration of ammonium chloride 
'■he solution was too small. Filter on a 7 or 9 cm. filter and 
■with water containing about 20 gm. of ammonium chloride 
which prevents the aluminum hydroxide from forming 
'. Redissolve the precipitate in a small amount of 
* hydrochloric acid and dilute to 50 cc; reprecipitate. 
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filter and wash as before, receiving the filtrate in the beaker con- 
l^mng the first filtrate, ami acidify with hydrochloric acid. 
Treat the precipitate finally separated hke the gangue matter, 
calculate and report the total percentage present. 

Detenninatioii of Manganese. Concentrate the solution to 
75 ec. or less, neutrahze with ammonium hydroxide and add 
S ce, of the reagent in excess, then add a few drops of liquid bro- 

tmine or 30 cc. of bromine water and heat slowly to the boihng point. 
If a precipitate forma filter at once on a 7 cm. filter, wash with 
hot water and ignite at a good red heat, without separating from 
the filter, till the weight is constant. Calculate and report the 
jwr cent of MnO from the weight of Mn304 found. 

Detenmnation of Calcium. Acidify the filtrate from the 
manganese and boil till the hberatcd bromine is expelled and the 
solution colorless, then dilute to 300 cc, add a drop of methyl 
orange indicator and sufficient ammonium hydroxide to change 
Ihe color from pink to salmon yellow. Heat to boiling and add 
slowly and with constant stirring 22 cc. of oxalic acid solution, 
set aside for ten minutes, then add very slowly, that is, over an 
interval of at least five minutes, 3 cc. of ammonium hydroxide, 
which has been diluted to 30 cc. with water. If this does not 
make the solution distinctly alkaline add a further quantity of 
the reagent in the same manner. After the precipitate has stood 
for an hour, filter thru a 9 cm. filter and wai^h with water until 
free from chlorine. Place the filter in a porcelain or platinum 
crucible, which has been weighed with its cover, and destroy the 
filter as in the determination of gangue; finally heat the crucible 
over a M^ker or Chaddock burner for at least twenty minutes. 
Cool in a desiccator for thirty minutes, and weigh a.s rapidly as 
possible, Continue igniting and weighing until two consecutive 
weighings do not differ by more than 0.3 mg. Calculate and 
re[x>rt the percentage of calcium oxide thus obtained, 

DeterminatioD of Magnesium. Acidify the filtrate from the 
calcium with dilute hydrochloric acid, evaporate to a volume of 
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200 cc. and cool. Add 25 cc. of the sodium phosphate reagent, 
then slowly introduce 25 cc. of dilute ammonium hydroxide, which 
should impart a strong odor of ammoma to the solution, and 
finally set aside for at least ten hours. Decant off the solution 
thru a 9 cm. filter and discard the filtrate; place the beaker con- 
taining the main part of the precipitate under the filter and pour 
thru it the smallest possible amount of hydrochloric acid needed 
to dissolve the precipitate on the filter and in the beaker (some 5 ce. 
of the reagent diluted to 25 cc, should suffice); then wash the filter 
free of soluble compounds. 

Next add to the solution in the beaker, which should have a 
volume of about 50 cc, 5 cc. of sodium phosphate solution and then 
sufficient ammonium hydroxide to make it distinctly alkaline and 
give an excess of 3 cc. Stir the mixture occasionally during an 
interval of twenty minutes, then filter on a 9 cm. filter and wash 
with dilute ammonium hydroxide as in the analysis of magnesium 
sulfate. 

Separate the precipitate and weigh as in the analysis of mag- 
neMum sulfate. Calculate the percentage of magnesium oxide 
present. 

Determination of Hygroscopic Water. Weigh out 0.8 gm. of 
the sample in a 10 cc. platinum or porcelain crucible, which ia 
pro\ided with a cover. Place in a drying oven and heat to a 
temperature of 105° for an hour, and weigh accurately. Calculate 
the per cent of hygroscopic water from the loss in weight thus 
found. - 

Determination of Loss on Ignition. Place the cruciblMbn- 

taining the residue from the previous determination on a wire 

*riangle and heat over a M^ker or Chaddock burner until the 

■;ht is constant, using all of the precautions used in the ignition 

I calcium oxalate precipitate. Calculate the percentage loss 
■rt as loss on ignition. 
"calculate all the percentages thus far obtained to show 
m of the water-free sample. ^_ 
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III. QiresTioNa AND Problems. Series U. 
1. Are there any objectiona to precipitating iron (a) with KOH instead of 
{NH,)OH, (b) in the ferroua instead of the ferric condition, {c) from a solution 
of the sulfate or nitrate rather than the chloride? 

5. What experiments might be made for the purpose of showing that 
A!(HO)3 forma a hydrosol? What reagents might be used to prevent the 
formation of a hydrosol in the quantitative determination of aluminum? 

3. Express all of the important reactions which take place when MnCIi, 
(NH,)C1, (NH,)HO and Br arc added to water in the order named. What 
takes place when the mixture is made acid with HC17 

4. What reaction takes place when MnOj ia ignited? What ia the simplest 
form of the equilibrium expreasion repreaenting this reaction? 

6. If the sample of limestone uaed for thia analyais contained small amounts 
of strontium or barium carbonates, in what manner would it have affected 
the determinations here outlined? 

6. Under what conditions would it be possible to dehydrate calcium oxalate 
without changing some of it into the carbonate? 

7. How can yon determine from the curves of Fig. 16 whether heat ia 
absorbed or liberated, when you determine the loss or ignition? 

8. Indicate the equilibria which are of importance when the occlusion 
of magnesium by calcium is reduced by the presence of HCI. 

9. Suppose a sample of limestone contained, in addition to 5 per cent of 
insoluble silicates, only CaCOj and MgCOj, and suppose further that the loss 
on ignition amounted to 45 per cent, what percentages of calcium and mag- 
nesium are present? 



1 



CHAPTER XXV 

ANALYSIS OF ALLOTS CONTAIinNG TIN AND LEAD 

I. Facts Upon Which the Method Is Based 

Composition of Samples. These alloys contain from 20 to 
70 per cent of tin and are used as solders; their market value 
depends mainly upon the percentage of tin present which is the 
more expensive metal. Traces of other metals, especially copper, 
zinc, iron and antimony are sometimes present. As the alloy is 
usually cast and sold in the form of long, thin bars, which are 
fairly homogeneous, an average sample is easily obtained by cutting 
thin shavings from the length of the bar. 

Decomposition of the Alloy. Alloys which contain large p^ 
centages of lead are but slowly attacked by either sulfuric or hydro- 
chloric acids, largely owing to the slight solubility of the sulfate 
and chloride of lead; dilute nitric acid acts more energetically, and 
forms lead nitrate and metastannic acid; concentrated nitric acid 
acts more slowly, owing to the slight solubility of lead nitrate in 
strong nitric acid. If dissolved in concentrated nitric acid, or ii 
dissolved in dilute nitric and evaporated to dryness the tin present 
is completely changed into metastannic acid. This treatment also 
favors the separation of metastannic acid in a form which permitB 
of easy and rapid filtration. 

Properties of Metastannic Acid. The solubility of this com- 
pound in water and dilute nitric acid is known to have a ver}' smaD 
value only; its solubility in dilute hydrochloric is greater, and in 
dilute sulfuric it is quite large. It possesses a remarkable tendency 
to occlude metals, especially iron, lead, copper, zinc and man- 
ganese, probably owing to the formation of insoluble salts of 
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metastannic acid. The amount of lead occluded when tin-lead 
alloj-s are decomposed is less when the nitric acid used is very- 
strong, but even under the most favorable circumstances the error 
from this source is too large to neglect when the precipitate amounts 
to more than a few milligrams. 

Freshly precipitated metastannic acid is readily dissolved by 
moderately strong solutions of ammonium sulfide with the forma- 
i.ion of ammonium sulfostannate; if precipitates which contain 
any of the occluded metals named above are treated with this 
reagent these metals separate as msoluble sulfides. If nitric acid 
is added to a solution of ammonium sulfostannate, a mixture of 
sulfur and stannic sulfide separates, but when the concentration 
of the acid is large, or if the mixture is heated, the stannic sulfide 
^owly forms metastannic acid. The resulting mixture is difficult 
to filter, owing to the fineness of the particles. If a solution of 
ammonium sulfostannate is evaporated to complete dryness and 
the residue treated, first with dilute and then with concentrated 
nitric acid, the sulfur which separates can be fused into a single 
globule, which can be readiiy removed; the metastannic acid can 
then be separated by filtration and ignited without being recon- 
verted into stannic sulfide. 
Metastannic acid is slowly but completely converted into stannic 
ide by heating to 500". It is easily re<luced by oi^anic matter 
1 at lower temperatures; the oxide is not appreciably hygro- 



I Properties of Lead Sulfate. This is a pulverulent precipi- 
i it has a specific gravity of 6.23, settles rapidly and as much 
IB 1 gm. of it can be readily filtered and washed. Its solubility 
b pure water is about 44 mg. per liter. This is reduced by the 
Idition of sulfuric acid up to the point at which the mixture 
hitains about 10 per cent by volume of the concentrated acid; 
eyond this concentration the solubility begins to increase. It 
fcalso increased by the presence of even small concentrations of 
drochloric and nitric acids, and in the quantitative separation 



of lead sulfate these acids must be expelled by evaporating with 
an excess of sulfuric acid. Its solubility is greatly decreased by 
the presence of even sma.ll concentrations of alcohol. 

Pure lead sulfate can be heated without danger of decomposition 
up to 400°. As it is very easily reduced by heating in the presence 
of oi^anic matter, and as the metal is decidedly volatile, extreme 
care must be taken in igniting the precipitate. 

II. Outline of the Method of Analysis 
Preparation and Decomposition of the Sample. Prepare tbe 
Bample by cutting about 2 gm. of thin shavings from a bar of the 
alloy by means of a dull knife, and place m a clean, dry sample tube. 
Weigh out 0,5 gm, of the sample into a 200 cc. beaker, cover with 
a watch glass, add 10 cc. of concentrated nitric aeid and then from 
5 to 10 cc. of water, using the larger amount if the sample is but 
elowly attacked. Heat the beaker on the steam bath long enou^ 
to disintegrate the sample, that is, until all hard lumps have dis^ 
pcared and a fine white powder only remains; then remove ibe 
cover and evaporate to a volume of 3 cc. 

Separation and Purification of Metastannic Acid. Add to the 
beaker 5 cc. of concentrated nitric acid and 30 cc. of water, 
heat nearly to boiling and digest for ten minutes; while 
■waiting prepare a glass filter tube with a thin layer of finely 
shredded asbestos and connect with a clean filter flask. Pass ibe 
liquid in the beaker thru the filter, refiltering if necessary, to obtain 
a perfectly clear filtrate, and wash three times with 10 cc. portions 
of water. Transfer the filtrate to a clean 250 cc. beaker, wash out 
the flask with at least four portions of water and place on a steam 
or sand bath to evaporate. 

Invert the filter tube over the bottom of a clean 200 cc. beakfi. 
push the filter plate and asbestos into the beaker by means of ' I 
glass rod or wire passed thru the stem of the tube, and rinse any 
adhering fibers of asbestos into the beaker by a few cubic cent^ 
meters of water. Next remove the filter plate and rinse this alsOi 
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then add 10 cc. of a strong solution of ammonium sulfide made by 
saturating concentrated ammonium hydroxide with hydrogen sul- 
fide. Disintegrate the asbestos by means of a glass rod, warm the 
mixture slightly until all white particles have been dissolved and 
only a fine black residue of lead sulfide remains. Prepare a second 
asbestos filter, moisten with a few drops of ammonium sulfide 
solution, filter the solution of suifostannate of tin thru it, wash four 
times with water containing a few drops of ammonium sulfide and 
twice with pure water. Transfer the solution in the filter flask to a 
clean 400 ce. beaker, wash four times with water, place on a steam 
or sand bath and evaporate to complete dryness. Warm about 5 
cc. of dilute hydrochloric acid in a small beaker and pour over the 
filter containing the lead precipitate, which should cause the filter 
to become pure white, then wash with hot water and transfer the 
solution to the beaker containing the main part of the lead. 

Detenninatioo of Lead. Add to the beaker containing the 
lead solution 5 cc. of concentrated sulfuric acid, which should 
be introduced cautiously if the solution is warm; evaporate on 
the sand bath till white fumes of sulfur trioxide are given off, 
wat-cliing the mixture very carefully during the later stages of the 
process as it may bump and sputter. When cool, add 45 cc. of 
water and set aside for at least one-half hour. While waiting 
for the completion of these operations, prepare a Gooch crucible 
with a good layer of asbestos; ignite and weigh accurately. Fil- 
ter the lead sulfate precipitate thru the crucible thus prepared, 
waab four times with 10 cc. portions of 20 per cent alcohol, dry 
at about 300° and weigh. Calculate the percentage of lead present. 
Determination of Tin. Add to the beaker containing the 
drj' residue resulting from the evaporation of the suifostannate 
solution 10 cc. of dilute nitric acid, cover at once with a watch 
glass and warm gently till further action ceases; next add 10 cc. 
of concentrated nitric acid and again warm for a few minutes. 
Rinse off the sides of the beaker and the watch-glass cover and 
set the latter aside, then evaporate the mixture to nearly complete 
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dryness. The large amount of sulfur which separates in a free 
condition should finally fuse to form a clear yellow liquid^ all of 
which should be collected into a single large globule before it 
solidifies. 

Add to the residue 5 cc. of dilute nitric acid and 50 cc. of 
water, digest for ten minutes, then filter on a 9 cm. filter and 
wash free from acid for if much acid is left in contact with the pre- 
cipitate the filter will become brittle and will crumble on drying. 
Separate the filter as completely as possible from the precipitate 
and set the latter aside on a watch glass. Remove the globule 
of sulfur from the precipitate, which may contain very small 
amounts of tin, and biun in the crucible. Next, bum the filter 
in the crucible and finally add the main precipitate and ignite over 
a wire triangle with a M^ker biuner or blast lamp, for twenty 
minutes. If the resulting precipitate is decidedly gray moisten 
with a few drops of concentrated nitric acid, evaporate off the acid, 
and again ignite. Calculate the percentage of tin from the weight 
of stannic oxide found. 

III. QUESTIOXS AXD PROBLEMS. SeBTBS 12 

1. Show how the action of nitric acid on metallic tin might give rise to either 
stannous nitrate, stannic nitrate or metastannic acid. 

2. Indicate the reaction of ammoniimi sulfide on the tin-lead precipitate. 

3. What determines the volimie of sulfuric acid which should be added to 
the solution which contains the lead before evaporating to dryness? 

4. What factors make it easy to completely displace the nitric acid from 
this solution? 

6. What effect would you expect the presence of large amounts of Cu, 
Fe, Zn or Sb to have on the analysis? 

6. What weight of PbS04 'should be dissolved by 100 cc. of a solution made 
by diluting 2 cc. of concentrated sulfuric acid to 100 cc, assimiing that the 
normal solubility is reduced according to the solubiUty product principle? 
Why does the method of calculation used involve large errors in this case? 



CHAPTER XXVI 

ANALYSIS OF BRASS 
I. Facts Upon Which the Method Is Based 

Composition of Sample. The essential constituents of this 
alloy are copper and zinc; it sometimes contains small percentages 
of tin and lead and traces of iron, antimony and other met-ala, 
which represent impurities in the metals of which the alloy was 
made. A homogeneous sample can usually be obtained by drilling 
holes in the ingot or bar, or by placing in a turning lathe and cutting 
thin shavmgs from it. If the sample has been already made into 
drillings or shavmgs it should be carefully examined for particles 
of wood or iron with which it is sometimes contammated. 

Conditions for Separation of Tin and Lead. The alloy is 
rcEidily dissolved in either strong or dilute nitric acid and essentially 
the same conditions as were used for the determination of tin and 
lead in solder can be used here. The amount of tin present is 
usually BO small that it is not ordinarily necessary to purify it for 
occluded metals. 

Conditions for Separation of Copper from Zinc. The decom- 
position voltage of copper is 0.33 volt lower and that of zinc 0.71 
volt higher than that of hydrogen, hence the two metals are 
easily separated in the presence of sufficient free acid by the 
constant current method. But little difficulty is experienced in 
obtaining good deposits of copper in the presence of NOj ions, 
and currents of 0.5 ampere normal density can be used if a gauze 
electrode is employed. If a foil electrode is used it is scarcely safe 
to use currents greater than 0.05 ampere normal density. The 
precipitated metal is rapidly dissolved by even dilute nitric acid 
and is slowly oxidized even at a temperature of 100°. 
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Conditioas for Determination of Zinc as Phosphate, When s l 
soluble phosphate is added to a neutral solution of a zinc salt whicb r< 
also contains a large concentration of ammonium salts, a flocculent r 
precipitate separates; if this precipitate is digested for a short .z 
time it is slowly converted into a crystalline precipitate having >- 
the formula Zn(NH()P04'HsO. This precipitate is appreciabl)' s 
soluble in solutions containing even small concentrations of citkf 
hydrogen or hydroxyl ions; hence the solution must be madeu - 
nearly neutral as possible. It is also essential that the solution 
should contain a large concentration of NH4 ions and a large a- 1^ 
cess of PO* ions. The solubility of the precipitate in either hot j 
or cold water is but slight, and it is easily waahed free from soluWe l- 
salts. tr: 

The crystalline zinc ammonium phosphate readily loses ftU of 
its water if dried at 105°; it can also be converted into the 
pyrophosphate on direct ignition, but, as with the correspond- 
ing transformation of the magnesium compound, it undergo* 
partial reduction and fusion at a bright red heat; hence it is 
preferable to separate on a Gooch crucible rather than on a pspof 
filter. 

II. Outline of the Method of Procedure 

Determination of Tin. Weigh out 3 gm. of the sample into 
a 100 cc. beaker, add 25 cc. of dilute nitric acid and cover mth 
a watch glass. Action should begin to take place almost at ones 
and complete solution should be effected within a few minutes; n 
not, warm the beaker slightly by placing on the steam bath, u 
the action at any time becomes too violent it should be restrained 
by placing the beaker in a vessel of cold water. When the allof 
is completely dissolved remove and rinse off the watch-glass cow, 
again place on the steam bath, and allow to evaporate to comiJ** 



Add to the residue 5 cc. of dilute nitric acid and 25 cc. of 
and allow to digest till the basic salts of copper, which 
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Beparate as a voluminous blue-white precipitate, are brought into 
Bolution. If a fine white residue of metastannic acid still remains, 
filter on a small filter, wash till free from acid, dry, ignite and weigh. 
Calculate the percentage of tin from the stannic oxide thus found, 

Detennination of Lead. Add to the filtrate from the tin 7 cc, 
of concentratetl sulfuric acid and evaporate until the nitric acid 
has been expelled and dense white fumes of sulfur trioxide are 
given off. This will not occur until the total volume is less than 
7 cc. and the temperature of the solution has risen to about 250°. 
During the evaporation of the solution the sulfates of lead, copper 
and zinc separate, and unless the precipitate is kept in constant 
motion, and unless the temperature is kept below 100°, violent 
bumping and spiriting is certain to take place. For this reason 
it b best to evaporate on the steam bath until most of the water 
is driven off, and to complete the evaporation on a sand bath or 
sheet of asbestos while stirring the mixture vigorously and con- 
tinuously. 

When the dish is cold add 50 cc. of water, atir until the 
soluble sulfates have been dissolved and only sulfate of lead 
renuuns, then set aside for half an hour. While waiting for these 
operations, prepare and weigh accurately a Gooch crucible, con- 
nect the crucible with a clean filter flask, filter off the precipi- 
tate on it, wash four times with a mixture of equal parts of water 
and dilute sulfuric acid, and twice with 20 per cent alcohol. Heat 
the crucible slowly to a temperature of about 250°, cool and 
Weigh accurately. Calculate the percentage of lead present from 
the weight of lead sulfate thus found. 

Division of the Solution. Transfer the solution containing 
the copper and zinc to a 250 cc. graduated flask, dilute till the 
lowest part of the meniscus corresponds to the line on the neck of 
the flask, stopper with a tightly fitting cork and mix thoroughly 
J^ alternately inverting and rotating the flask. Measure out 
^■ttiree 50 cc. portions of the solution as follows: pour out about 
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out a clean but not necessarily dry 50 cc. pipet,» discarding the 
solution after using it! Next, suck up a further quantity of the 
liquid into the pipet until it rises above the mark on the stem of 
the pipet and allow to drain back into the flask until the lowest point 
on the curve of the meniscus corresponds to the mark on the stem 
of the pipet; remove the pipet from the flask and allow the solution 
to flow into a clean 150 cc. beaker and to drain for two minutes, 
but do not wash out with water. 

Determination of Copper by Electrolysis. To one of the so- 
lutions which has been separated, add suflScient ammonium hy- 
droxide to make it slightly alkaline, then 2 cc. of concentrated 
nitric acid. Ignite and weigh accurately a clean platinum cath- 
ode, place in the solution and add water enough to cover the 
electrode. Introduce a spiral anode and connect both with the 
terminals of a storage battery. Change the resistance in the 
circuit by means of a rheostat imtil a current of 0.5 ampere if a 
gauze electrode is used, or of 0.05 ampere if a foil electrode is 
used, passes thru the solution. Allow the electrolysis to pro- 
ceed for fifteen minutes after the solution has become colorless, 
if a gauze electrode has been used, or for three hours after the 
solution has become colorless, if a foil electrode has been used. 
The entire time necessary should be about ninety minutes and 
twelve hours, respectively. 

Place a small beaker containing sufficient water to cover the 
cathode on the bench near the solution being electrolyzed, raise 
the stand supporting the electrodes and, without disconnecting 
the attached wires, plimge the electrodes into the beaker of pure 
water. Allow the current to pass for a few minutes, rinse the 
electrodes by rotating the beaker, then disconnect the cathode, 
remove from the water, allow to drain and absorb as much of the 
water as possible by bringing into contact with a piece of filter 
paper. Rinse the cathode in at least two changes of 95 per cent 
alcohol, absorb the excess of alcohol by means of filter paper and 
dry for a few minutes at a temperature of about 50°, which can 
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be done by holding over a sand bath for a few minutes; then 
weigh accurately, and calculate the percentage of copper present. 

Determination of Zinc. Evaporate the aqueous washings from 
the cathode to a small bulk and transfer both the washings and 
the residual solution to a 300 cc. beaker; add ammonium hydroxide 
until the solution is neutral to litmus paper, heat to boiling, add 80 
cc. of sodium phosphate solution and again neutralize the solution 
very carefully with either dilute ammonium hydroxide or hydro- 
chloric acid, as may be found necessary. 

Heat the solution almost to the boiling point and keep at that 
temperature for fifteen minutes, that is, until the flocculent 
precipitate which separates at first becomes crystalline. Set 
the mixture aside for half an hour and while waitmg, prepare 
and weigh a Gooeh crucible. Filter off the precipitate, wash free 
from soluble salts with pure water, dry, ignite gently at first and 
then at a bright redness, cool and weigh accurately. Calculate 
the percentage of zinc present from the weight of zinc pyro- 
phosphate found. 

HI. QuESTioNB AND Problems. Sertes 13 

1. Would it be desirable to vary the volume ot sulfuric acid added before 
evaporation if the amount of sample used waa varied, or if the relative amounts 
ot copper and zinc in the sample varied? 

2. Calculate by means of Faraday's law the time theoretically required to 
precipitate 0.3 gm. of liopper with a current of 0.5 ampere, and show why the 
calculation has but little significance in this determination. 

3. Explain how the addition of sodium hydrogen phosphate to the neutral 
fiolutioD containing zinc and ammonium salts may increase the concentration 
of the hyihogen ions present, 

i. Explain tbe advantage of starting with 3 gm. of sample and using a 
fractional part of the solution for the determination of copper anil zinc. 

6. What other metala would separate with the copper under the conditions 
used in tbis determination? 

e left unprecipitated, would it be rec<^- 



CHAPTER XXVn 

DETERHTNATION OF SILICA ffl A. HOSHBLEnDB 
I. Facts L'pox Which the Determisatios Is Basq) 

Methods of Decompoation. Silicates of the insoluble class, 
such as the homblendes and the great majorit}' of the natuially- 
occurring silicates, must be decomposed by means of hydrofluoric ] 
acid, OF changed into silicates of the sohiUe da^ by fusion with 
certain fluxes. If the hydrofluoric acid method is employed the 
decomposition must be carried out in vesseb of platinum, and since 
the silicon present forms volatile silicon fluoride, it cannot be deter- 
mined unless the apparatus has a form which makes it possible to 
absorb all of the hberated gas in an appropriate reagent. Such an 
apparatus would be loo expenave for general use. 

The transformation into silicates of the soluble class can be 
effected by fudon mth any strongly basic reagent, such as the 
hydroxides, oxides or carbonates of metals of the sodium and 
calcium group. Such fusions must necessarily be carried out in 
vessels free from silicon; a platinum crucible is to be preferred, 
but one of silver or nickel is sometimes used. A mixture of four 
parts sodium and five parts potasium carbonates, which melts 
at 685° b most frequently used; it does not attack platinum 
appreciably. As these reagents usually contain appreciable per- 
centages of silica it becomes necessary to determine the percentage 
present and apply a correction to the final result. When a findy- 
powdered sample of hornblende is heated to a temperature of about 
600° with this mixture, silicates and aluminates of sodium and 
potassium are produced and the corresponding amount of carbon 
dioxide liberated. 
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"he Dehydration of Silicic Acid. When a soluble silicate is 
ated with an excess of hydrochloric acid, free silicic acid and the 
chlorides of all the metals present are formed. If the acid used 
is dilute and the temperature is kept low the silicic acid may 
Kmun in solution, but if these conditions are not complied with 
inost of it separates as a gelatinous colloid, which is extremely 
difficult to filter. When the mixture is evaporated to dryness the 
alicic acid gradually loses water and assumes a fine, powdery form. 
Experience shows that complete conversion of the silicic acid 
bto an insoluble form is not easily effected. Some chemists dry 
the residue from evaporation at a temperature of 120° for a half 
hour or more, but this results in the formation of compounds of 
I iron and alumina which are very difficult to dissolve; others dry 
IbI 105° or evaporate to complete dryness on the water bath several 
lUmes. Two evaporations with. an intermediate filtration of the 
l4ehydrated silicic acid are more effective than two successive 
n«vaporations, but even when this method is adopted small amounts 
Rof silica may be left in the solution. In dissolvii^ the soluble 
(Baits from the residue left after evaporation either cold water or 
t dj\\ite acid should be used; if hot water alone is employed 
e iron and aluminum present may form insoluble basic salts. 
Even when the mixture is evaporated on the water bath only, the 
a obtained may contain small amoimts of iron and aluminum, 
but the error resulting from this is largely counterbalanced by the 
r from incomplete dehydration. Where the highest degree 
( accuracy is demanded it becomes necessary to volatilize the 
lica in the precipitate by treating it with hydrofluoric and sul- 
b acids in a platinum crucible, and determining the impurities, 
ienting iron and aluminum oxides, remaining; also, to 
! the silica, which has remained in the solution, but is 
tqoently precipitated with the iron and alumina. These 
ints are not usually considered necessary in commercial 

f ignition of a uUca precipitate requires extreme care owing 
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to its fine, powdery nature. If the paper filter used is heated too 
rapidiy, and especially if it catches fire and bums at the mouth 
of the crucible, appreciable amounts of the precipitate may be 
carried off by the air currents formed. There is no danger of 
reducing or otherwise changing the composition of the precipitate, 
but long-continued ignition at the highest temperature readily 
attainable with a burner is necessary to completely convert the 
precipitate into the dioxide. 

II. Outline of Method op Pbocbdurb 
Selection and Preparation of the Sample. Carefully select 
from the roughly crushed sample about 3 gm. of the pure mineral. 
Place half gram portions at a time in a clean agate mortar and grind 
each portion until the resulting powder tends to form a compact 
thin layer on the side of the mortar and no longer feels gritty 
when rubbed between the fingers. Place a perfectly clean 100- 
mesh sieve over a piece of glazed paper, brush the powdered 
mineral into the sieve and tap it until all of the fine powder haa 
passed thru it. Return the powder left on the sieve to the mortar 
and continue grinding and sifting until all of it has passed thru 
the sieve. Finally transfer the powdered mineral into a clean, dry, 
well-stoppered weighing tube. 

Fusion. Weigh out in a platinum crucible of at least 10 cc. 
capacity about 4 gm. of fusion mixture. Weigh the tube contain- 
ing the silicate and pour from it into the crucible about 0.7 gm. 
of the sample and again weigh accurately. Thoroughly mix the 
silicate with the fusion mixture by the use of a platiniun spatula 

I or a stirring rod, which has a carefully rounded end, then brush 
b "'m the latter any of the adhering mixture and tap the crucible 
I be mixture is well settled. 
f e the crucible on a triangle and heat it with a low flime 

'. five minutes, then gradually increase the temperature 
.I0B begins to fuse and keep at this pomt until carbon 
L mger evolved. The crucible should be kept covered 
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to avoid loss from spattering and the temperature must be care- 
fully controlled or the mixture may boil over. The entire fusion 
should require from twenty minutes to half an hour and should 
finally yield a quiescent mass of perfectly sintered but only par- 
tially fused material. 

Decomposition. Remove the crucible from the triangle by 
means of a pair of forceps while still hot, and by carefully tipping 
and rotating the latter cause the contents to solidify as a layer 
around its inner surface. When cold place the crucible on its 
side in the bottom of a five-inch casserole, add 50 cc. of water, 
warm and stir until the fused mass is disintegrated and falls out 
of the crucible, then remove the crucible from the dish with the aid 
of a glass rod and wEish both inner and outer surfaces thoroughly. 
Cover the dish with a watch glass and gradually introduce 20 cc. 
of hydrochloric acid. The dish should now contain only gelatinous 
silicic acid and a clear yellow solution. If sandy or gritty particles 
are present the decomposition is probably incomplete and a second 
sample must be fused. Sometimes the precipitated silica has a 
reddish color owing to the presence of difficultly soluble iron 
compounds, which usually dissolve on digestion. 

Separation of Silica. Place the dish on the steam bath and 
evaporate to complete dryness, that is, till powdery dry. The 
evaporation may be made more rapidly by heating on a sand 
bath, or over a gauze placed some distance above the flame of 
the burner if the precipitate is kept in constant motion with a 
stirring rod. Moisten the residue with about 10 cc. of concen- 
trated hydrochloric acid and then add 1 cc, of nitric acid and 50 cc. 
of water, and digest on the steam bath until all basic salts have 
been decomposed and white silicic acid only remains. 

Filter thru an 11 cm, filter and transfer the precipitate to the 
filter, then wash twice with 10 cc, portions of cold water. Next 
transfer the filtrate and washings which may still contain small 
amounts of silicic acid to the casserole previously used, evaporate 
the mixture to complete dryness on the steam bath and keep the 
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dry residue on the bath one half hour longer. While the solution 
in the dish is evaporating continue to wash the silica precipitate 
until the washings are shown to be free from chlorine, receiving 
the washings in a clean 300 cc. beaker. 

Treat the residue from the second evaporation with 20 cc. of 
dilute hydrochloric acid and digest until all basic salts have been 
decomposed, add 50 cc. of water and then filter thru a fresh 9 cm. 
filter, receiving the filtrate in the beaker containing the washings 
from the first siHea precipitate. Next rub the entire inner surface 
of the dish with a rubber-tipped rod until the adhering precipitate 
has been loosened, and rinse into the filter; finally wash the latter 
until free from soluble salts. If this treatment has failed to re- 
move all of the precipitate from the dish, moisten with a little 
dilute ammonium hydroxide and again rub with a rubber-tipped 
rod. 

Place the two still moist filters in a weighed crucible and heat 
cautiously over a wire gauze until combustible gases are no loi^r 
given off; if these gases are permitted to take fire a sufficiently 
strong draft may be created to cause a mechanical loaa of some 
of the precipitate, which is very light. Place the crucible over a 
wire triangle and gradually increase the temperature until the 
paper is entirely consumed; finally ignite over a blast lamp, or 
Mfiker burner for at least twenty minutes and weigh. Repeat the 
ignition till the weighings are practically constant. 

Determination of Silica in Reagents. Weigh out 10 gm. of 
the fusion mixture used into a casserole, cover with a watch glass 
and cautiously introduce sufficient dilute hydrochloric acid to 
decompose it. Evaporate to complete dryness and separate the 
silica as in the analysis. Calculate the weight of silica in the weight 
of fusion mixture used in the analysis and subtract from the weight 
•cipitate found. Report the corrected per cent of silica 
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W SOLUTION AND EXTRACTION PROCESSES 

CHAPTER XXVIII 

GEHERAL FEATURES OF SOLUTION AND EXTRACTION PROCESSES 

Solution Processes Which Depend Upon the Physical Action 
of tiie Solvent. These processes depend upon the differential 
action of liquids on mixtures composed of two or more solids. 
The simplest possible example is one in which the mixture consista 
of two distinct solid phases, each phase representing a single 
component, one of which is much more soluble in some particular 
liquid than the other. If the difference in solubility is sufficiently 
large, and if the mixture is so finely divided that every particle 
of the more soluble constituent is exposed to the action of the 
solvent, treatment of the mixture with a sufficient amount of the 
solvent at once yields a liquid phase which contains all of the more 
soluble component, and a residual solid phase composed of the less 
soluble component. The action concerned is the converse of that 
of precipitation processes, but the rate at which equilibrium is 
attained when a liquid acts upon a solid is slower than when a 
precipitate is formed in a liquid, and altbo the theory of the two 
classes of methods is essentially the same the methods by which 
they are carried out are decidedly different. 

The ideal method of making such a separation would be to use 
only sufficient solvent to bring into solution all of the more soluble 
component, but such a method of procedure would not be practi- 
cable owir^ to the slowness with which solution of the last particles 
of the more soluble constituent is effected, and the adherence of 
199 
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some of the liquid to the aohd phase, which makes it necessary to 
wash the residue with further quantities of the solvent. The 
general theory of the method actually used in carrying out such 
processes is similar to that elaborated in Chapter XVII for the 
washing of precipitates. The comparative rates at which the 
two components pass into solution, the effect of one component 
upon the solubility of the other, the size of the particles of which 
the mixture is composed, and the relative amounts of the two com- 
ponents, all affect the accuracy and efficiency of such processes. 
An ideally perfected method for making a separation of this kind 
would prescribe the weight of the mixture to be used, the compo- 
sition and amount of the solvent to be used for each treatment, 
the number of treatments, and the length of time allowed for 
each treatment. These details are best determined empirically, 
that is, by quantitative experiments with mixtures of known com- 
position; in many of the processes largely used these details have 
only been determined very roughly. 

In discussing the theory of this class of methods it is assumed 
that the two components of the mixture exist as distinct and 
separate solid phases. Some doubt should always be ent-ertained 
as to whether the method can be successfully applied to the 
separation of a mixture of isomorphous substances which has 
separated from a solution, or has resulted from the solidification 
of a molten magma; that is, wherever the presence of solid 
solutions is possible. A solvent which readily dissolves one of the 
two components of a solid solution will often, especially where 
the. less soluble component is present in relatively small amounts, 
readily disintegrate and decompose such a mixture, but not in all 

s class of methods is of especial use in the separation of those 

its all of whose compounds are largely soluble in aqueous 

L and which, therefore, cannot be separated by the use 

^'atioQ methods. In using them it is often necessary 

' *^he »ibstance to be separated into those particular 
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compounda which possess the necessary differences in solubility 
in some particular solvent. 

Solution Processes which Depend Upon the Chemical Action 
of the Solvent. Processes in which the action of the solvent is 
chemical as well as physical are also extensively used. In all such 
cases two sets of equilibria must be considered. The equilibrium 
resulting from the contact of solvent and one of the solids must 
result in the formation of a single liquid phase, that is, must involve 
a change from heterogeneous to homogeneous equilibrium; that 
resulting from contact of the solvent with the other solid must 
mvolve maintenance of the original condition. 

As in the case of processes m which the action of the solvent 
is purely physical the formation of solid solutions often makes it 
impossible to effect separations which could otherwise be easily 
made. The chemical as well as the physical properties of solid 
solutions are specific properties of the mixture, and vary with the 
comparative amounts of the two components actually present. 
Thus, altho metallic silver is readily changed into a solution of 
silver nitrate by treatment with a dilute solution of nitric acid, 
it is not possible to separate silver from gold in an alloy which 
contains more than 30 per cent of gold because the two metals 
form a continuous series of solid solutions. 

Extraction Processes. Further difficulties are encountered in 
applj'ing this class of methods to the analysis of certam classes of 
materials such as plant and anunal tissues. In such substances 
the soluble constituent may be diffused thru or surrounded by 
cell walls, which act as semi-permeable membranes and prevent 
diffusion of the solvent. The difficulty can be overcome to some 
extent by mechanical disintegration and crushing of the sample, 
but even where the sample is reduced to a very fine powder it is 
often necessary to treat it with the solvent for many hours. To 
successfully carry out such a separation by supporting the mixture 
on a filter and washing with the solvent is impracticable, as it 
necessitates the use of very large amounts of the solvent, which ia 
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often an expensive reagent, and demands a large amount of time 
and care from the analyst. It is then necessary to "extract" the 
substance in an apparatus of especial construction, which is known 
as an "extraction apparatus." 

Extraction methods are of especial importance 
" in the analysis of mixtures containing organic 
compounds, for, owing to the low temperatures 
employed in carrying on the process, and the 
slight activity of the solvents which are most 
frequently used, the probability of decomposing 
these compounds is reduced to a minimum. They 
are universally used in the analysis of substances 
of animal or vegetable origin, of all classes of ex- 
plosives, and of asphalt paving materials. 

Apparatus for Continuous Extraction* The 
conditions necessary for the rapid and complete 
extraction of any solid substance are most readily 
and eflFectively maintained by boiling the solvent 
in a small flask attached to an inverted condenser 
so arranged that the condensed solvent is made 
to fall into, and drip thru, a filter containing 
the substance to be extracted. An apparatus of 
this kind is represented in Fig. 40. It consists of 
a wide-mouthed flask A of about 125 cc. capacity, 
which contains the boiling solvent; an extraction 
tube By which supports the "extraction shell" 
C containing the sample; and the condenser D- 
The vapor of the boiling solvent passes thru 
Fig. 40. — Contin- the side tube E into the condenser, and after con- 
Ap^arafiS^'*''''' densation falls into the extraction shell, where 

it comes into contact with the sample, passes 

thru the shell, and falls back into the flask. Fresh porticHiS 

of the pure warm solvent are thus continuously brought into con* 

uid made to pass thru the shell and its contents, and 
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gradually waah out those constituents which are soluble. As these 
are usually much less volatile than the solvents used they accumu- 
late in the fiask in the form of a solution, whose concentration 
increases as the process of extraction progresses. 

A more compact, and in some respects more de- 
sirable, apparatus is the one devised by Wiley, 
which is represented in Fig. 41. The substance to 
be extracted is here placed m a Gooch crucible C, 
which is suspended from the very efficient metallic 
condenser B ; both crucible and condenser are con- 
tained in the tube A, which holds the boiling sol- 
vent. Both figures represent forms 
of extraction apparatus in which the 
distilled and condensed solvent is 
made to leach the sample continu- 
ously -and are therefore designated as 
"continuous." 

Apparatus for Intermitteat Extrac- 
tion. Another type of apparatus, of Extraction 
which there are also many forms, acts Apparatus 
( C intermittently. It is represented by the Soxhlet 
apparatus shown in Fig, 42 and differs from the 
apparatus already described in the form of the 
extraction tube. This is closed at the point A, 
but is provided with a side tube B thru which the 
vaporized solvent passes into the condenser, and a 
siphon tube C thru which the solution, which accumu- 
lates in the extraction tube, runs back into the flask 
I ^*^-'r^'"*" as soon as it reaches the level D. The action of this 
fon Tube t.vP^ <*f apparatus is disringuished by the fact that a 
large volume of the solvent remains in contact with 
mple for a relatively long time; since, however, there is 
e circulation, that portion of the solvent in immediate contact 
^ the aampl e soon attains a fairly large degree of concentra- 
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tion with respect to the soluble compound, which delays further 
solution. By using the method of reasoning already employed in 
discussing the theory of washing precipitates it is easy to show that 
the continuous type of apparatus should be more efficient than the 
intermittent, and a comparison of the efficiency of 
the two types under similar conditions confirms the 
accuracy of this conclusion; furthermore, the amount 
of solvent required to operate the continuous type 
of apparatus is much less than that required for 
the intermittent. 

Construction^ of Joints to Apparatus. The sol- 
vents which are most extensively used are alcohol, 
ethyl ether, petroleum spirit, chloroform, carbon 
disulphide and carbon tetrachloride. All of these 
are extremely volatile, and all except chlorofonn 
are extremely inflammable. It is essential, there- 
fore, that all joints of the apparatus should be 
tight, and that the condensation of the vaporized 
solvent should be as perfect as possible. Rubber 
dissolves in all of the solvents named except alcohol 
to some extent, and such media as wax or par&ffin, 
which are sometimes used to remedy the deficiencies 
of cork stoppers, are also dissolved by these sol- 
vents appreciably. It is desirable, therefore, to 
use an apparatus, like the Wiley apparatus aheoAj 
described, which has no joints, or one which u 
made entirely of glass; if the latter alternative ii 
Knorr adopted the ground-glass joints which become necefr 
°° sary must be very carefully made, and they are 
both expensive and easily broken. 
Still another alternative mvolves the use of an apparatus, sucli 
as the Knorr apparatus represented in Fig. 43 or the Ames appa- 
ratus represented in Fig. 44, in which the only joint which ii 
i to the action of the solvent is provided with a "mi 



, Fig. 43. 
Exti 
Apparatus 
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' In both forms the flask in which the solvent is made to 
IB provided with a groove into which the tube B fits loosely, 
otervening space being filled with sufficient mercury to pre- 
the escape of any of the vaporized solvent. 
here these more elaborate and therefore 
I expensive types of apparatus are not 
able, recourse must be had to simpler 
B, in which the joints are made by means 
rk stoppers. These can usually be made 
Ve tight joints if corks of good quality 
large size are chosen, boiled in water 
to hour, and while still hot and plastic 
d into the opening to be closed, and then 
ted to dry in this position; they should be 
1 to fit the necessary connections when 
ud cold. 

ethods of Heating the Apparatus During 
Ktioo. Since the rate at which the 
lie constituent is leached out depends upon 
kte at which the solvent circulates thru 
tttraction shell, it is desirable to heat the 
bt by means of a device which eauses it 
^ vigorously and steadily, that is, with- 
langer of boiling over. Direct heating of 
ksk with a flame is always to be avoided, 
pt is hard to regulate the rate of boil- Fie- 44.— Ames Ex- 
bid if the flask cracks or if the joints of ^^''^'°'' Apparatv- 
bparatus are not tight the flame may set fire to the escaping 
fit. The use of a water bath is more satisfactory but has 
{.disadvantages. An electric hot plate or an air bath heated 
I current passing thru resistance wires or incandescent lamps 
be preferred to all other devices, since the danger from fire is 
6ed to a minimum and any desired temperature con be main- 
id by the use of proper resistances in the circuit. 
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Detennination of the Separated Constituent. The weight of 
the constituent dissolved from the sample can be determined from 
the difference between the weight of the sample and that of the 
solid residue left, or if tbe substance extracted is not appreciably 
volatile, the solvent can be distilled off from the solution and the 
desired weight determined directly. Where the former method is 
used difficulties may arise from the hygroscopic character of the 
residue or of the extraction shell used. The alternative method 
of procedure is always to be preferred unless the dissolved con- 
stituent is 30 volatile that appreciable amounts of it are carried 
over with the solvent during the distillation. 

Multiple Extraction Apparatus. Altho the actual labor 
involved in making a determination by an extraction method ie 
small, it is often necessary to extract a sample for several hours, 
and where a large number of such determinations have to be made 
it becomes almost imperative to operate a number of such apparar 
tus simultaneously. Many forms of multiple extraction apparatus 
in which a series of extraction units are supported on a common 
frame, and supplied with a common source of heat and condenser 
water, are in use. An apparatus* consisting of five such units is 
represented in Fig. 45; this apparatus is also provided with a 
common device for the distillation and condensation of the solvent 
after the extraction has been completed. 

The heating device here used consists of five electrically-heated 
iron plates supported on a wooden base, but separated from it by 
a sheet of asbestos. The edge of each plate is surrounded by a 
strip of mica, which prevents the plate from short-circuitii^ the 
resistance wire by which it is heated, but does not prevent the 
transfer of heat to it. A nichrome wire 0.01 mm. in diameter 
nasaes thru a series of cleats fastened to the bed and makes three 

IQplete turns around, and in close contact with, the edge of each 
i five plates; this wire is connected directly with the ter- 
T details concemint! the construction of this apparatufl will be 
'our. of Ind. aad Eng. Chem., 4, 302 (1912). 
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minals of a 110-volt alternating current by means of a switch. 
The wire offers a resistance of 75 ohms and consmnes 1.5 amperes. 
The condenser used during distillation consists of a worm of 
block tin tubing supported in and surrounded by a cylindrical 
copper vessel thru which the waste water from the other series of 
condensers can be made to flow. One end of the worm passes 
thru the bottom of the copper vessel, the other is prolonged and 
supported in a position slightly inclined to the horizontal on a 
strip of wood fastened to the back of the frame of the apparatus. 
The prolonged end is provided with five vertical branches plaoedj 
at points opposite to the centers of the five heating plates, 
nection can be easily established between any of the flasks resting 
on one of the plates and the lateral opposite it by means of a ^ass 
tube. 
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CHAPTER XXIX 



I, Facts Upon Which the Method Is Based 



Compositioii of Samples. This salt is largely used as a ferti- 
lizer and its commercial value is proportional to the percentage of 
potassium, usually reported as K^O, which it contains. In addi- 
tion to sulfate of potassium it contains sulfates and chlorides of 
sodium and magnesium. 

Choice of Method. With the exception of a complex nitrite, 
which has the formula KNa^Co(N0i)6, the comfrounds of potassium 
are too soluble in water to make it possible to determine this 
clement by a precipitation process. The two methods, which 
have been most largely used up to the present time, involve 
conversion of the element into the perehlorate (KClOi) or chloro- 
platinate (KaPtCU) in a solid form, and elimination of all of the 
other salts present in the mixture thus obtained, by treating it 
with certain solvents, that is, by methods which are essentially 
solution processes. Of the three methods suggested the chloro- 
platinate method is to be preferred, especially where the amount 
of potassium present is small, on account of the large molecular 
weight of the compound finally separated and weighed, and also 
because the details of the method have been carefully worked out. 
Altbo the reagent used is very expensive the platinum can be 
easily recovered after use and reconverted into a further quantity 
of reagent. 

Formation of Potassium Chloroplatinate. Solutions contain- 
ing mixtures of potassium and sodium chlorides are completely 
converted into KiPtCU and NaaPtCU-BHiO respectively, by 
evaporating almost to dryness with the theoretically required 



amount of chloroplatinic acid. The potassium salt separates in 
well-formed octahedra belonging to the regular system; the 
Bodium salt in plates belonging to the triclinic system. The two 
compounds do not form double compounds nor solid solutions 
with each other, nor with the chlorides of sodium, potassium, 
platinum or magnesium. The sulfate of potassium is readily 
changed into the chloroplatinate by the same treatment, but the 
sulfate of sodium is not so readily changed into the corresponding , 
sodium compound. The reagent used for this purpose should be 
of known strength and of high concentration if economy in its use 
and in the time needed for the evaporation is to be attained. A 
solution which contains HaPtCU equivalent to 0.1 gm. of Pt per 
cc. is a suitable one to employ. 

Properties of Potassium Chloroplatinate. At a temperature 
of 20° one part of this compound requires about 98 parts of water, 
or 26,400 of 80 per cent alcohol, or 42,600 of absolute alcohol for 
complete solution. Ammonium chloroplatinate, which may be 
formed by the absorption of ammonium hydroxide from the 
atmosphere of the laboratory, is also extremely insoluble in these 
reagents. Both the hydrated and anhydrous sodium chlore* 
platinate and chloroplatinic acid are readily soluble in 80 per ceit 
alcohol, but the chlorides and sulfates of sodium, pota^um and 
magnesium are but slightly soluble in this recent. 

When made to separate by the evaporation of moderately diluff j 
solutions, potassium chloroplatinate is coarsely crystalline anddoet 
not contain either combined or occluded water. It can be dried 
at a temperature of 135° without danger of decomposition or 
volatilization; at higher temperatures it is slowly decomposwl 
into potassium chloriiie, chlorine and metallic platinum; it iBW* 
appreciably hygroscopic. 

Development of the Lindo-Gladding Method. In 18H 

ILindo* showed that potassimn could be determined in solutions 
• Chemical News, 44, 77, 86, 97, 129 (1881). Bull. 7, Diviaon of Chem. V- & 
Dept. of Agriuulture. 
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containing chlorides of sodium and potassium by evaporating to 
drjTiess with sufficient chloroplatinic acid to convert both elements 
into chloroplatinates, leaching out the sodium salt with strong 
alcohol and weighing t!ie residual potassium salt. The method 
could not be used when SOi ions were present owing to the in- 
solubility of sodium sulfate in alcohol and altho this ion could be 
removed by the use of barium chloride, and the excess of barium 
added could be removed by the use of ammonium carbonate this 
procedure greatly increased the length and difficulties of the 
method. In order to avoid these difficulties Gladding modified 
the method by washing the mixture first obtained with sufficient 
alcohol to remove all of the sodium chloroplatinate and chloro- 
platinic acid, and then with sufficient ammonium chloride solution 
to remove the sodium sulfate. This modification made it possible 
to apply the method to substances containing organic matter and 
ammonium salts, for, by evaporating with a slight excess of sulfuric 
acid and igniting gently, both classes of substances could be 
expelled without loss of potassium. It also made it possible to 
apply the method to substances containing magnesium salts as 
they are readily dissolved by solutions of ammonium chloride. 
The sl^ht solubility of potassium chloroplatinate in the solution 
of ammonium chloride used was reduced to zero by saturating it 
with potassium chloroplatinate before use. 

The method has been investigated by the Official Association of 
Agricultural Chemists and the exact details of the best method of 
procedure as applied to different classes of substances formulated. 
Hie outline given below ia the official method* as applied to 
commercial potassium sulfate. 

ir. Outline of Method of Proceddbb 

Preparation of Solution. Weigh out 10 gm. of the sample into 

1 500 cc, beaker, add 300 cc. of water, boil for a few minutes, then 

transfer to a 500 cc. graduated flask. Allow to cool, dilute to 

• Bull. 107, Bureau of Chemistry, U, 3. Dept, of Agriculture. 
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exactly 500 cc, mix thoroughly, filter about 300 cc. through a dry 
filter and preserve in a stoppered flask. 

Separation of Potassium. Measure out 25 cc. of the solution 
by means of a pipet, add an equal volume of water, acidify with a 
few drops of hydrochloric acid, add 10 cc. of chloroplatinic acid 
(1 cc. = 0.1 gm. Pt) and evaporate on the water bath almost to 
dryness. Remove from the bath and add 25 cc, of 80 per cent 
alcohol, stir the mixture with a rod and break up any large maass, 
and after about five minutes decant off the clear liquid thru » 
weighed Gooch or alundum filtering crucible. Treat the residue 
with three 10 cc. portions of SO per cent alcohol, stirring the 
mixture for several minutes after each addition and decanting as 
before. The last addition should remain colorless; if it acquires 
even a faint yellow color continue the washing. Finally transfer 
the residue to the filter by means of a stream of 80 per cent alcohol 
from a wash bottle. 

Wash the residue on the filter five times with 10 cc. portions of 
ammonium chloride wash solution,* then with three 10 cc. portions 
of 80 per cent alcohol. Dry the crucible for a half hour at 100° 
and weigh accurately. Calculate and report the percentage of 
potassium as KjO present. Save both the precipitate in tbe 
crucible and the filtrate and washings for the recovery of the 
platinum present. 

III. Qdbbtionb and Probuims. Series 13 

1. How much larger pereentage error is involved in determining potaaoum 
when HepEirated as KClOi than when separated as KiPtCl., assuming ihti 
the sample contained 2 per cent of K, that one-half gram was used and that 
an error of 0,1 mg. was made iii weighing both compouods? 

2. What is the maximum error from solubility in the det«rminatio(i o( 
KiO in a substance which contains 20 pec cent, assuming that all of the detoih 
outUned above are followed? 

• Prepared by dissolving 100 gm. of ammonium chloride 
adding from 5 to 10 gm. of pulverized potassium chloreplatinate and shakiiic 
at intervals for from six to eight hours. Allow this mixture to settle over nigbt 
then filter. The residue may be used for the preparation of more 
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3. Why is it desirable to evaporate on a toater hath after adding the H2PtCl«? 
Why is it necessary to wash out all Na2PtCl« and HsPtCU before washing 
with ammonium chloride? What might happen if the mixture was heated 
after alcohol was added? Why is it desirable to avoid changes in temperature 
while washing with the (NH4)C1 solution? 

4. What modification of the method outlined would be necessary if the 
sodium and potassium were present as nitrates or phosphates respectively? 

6. Outline a method for reconverting the platinimi saved from the deter- 
mination into HsPtCU. 

6. The potassiimi and sodiimi in a 0.5 gm. sample of K2SO4 are converted 
into a mixture of KCl and NaCl, which is found to weigh 0.35 gm.; the 
potassium is then separated as K2PtCl6, which is found to weigh 0.65 gm.; 
what percentages of K2O and Na20 are present? 

7. Outline all the transformations necessary to carry out the determinations 
represented in the last problem. 



CHAPTER XXX 

4 

DETERMINATION OF CRUDE FAT IN PEANUTS 

I. Facts Upon Which thb Determination Is Based 

Chemical Nature of Fats and Oils. In the analysis of foods 
the different constituents are classified and determined with 
reference to the function they perform in the nutrition of the; 
animal body. One of the most important of these groups consists 
of fats and oils; it includes a very large number of organic com- 
pounds, which are analogous to inorganic salts, in that they rep- 
resent combinations of certain organic acids and glycerine, which 
acts as a trivalent base. The most important are olein, palmatin 
and stearine, which represent normal salts of oleic (CitHssCOOH)! 
palmitic (CijHnCOOH) and stearic (Ci7H»C00H) adds, respeo- j 
tively. These compounds are not appreciably hygroscopic and 
do not absorb oxygen from the air, but the "drying oils," which 
are obtained when flax and certain other seeds are extracted, con- \ 
tain linoleic acid (CnHjiCOOH), and since this compound rapidly 
absorbs ox^^gen from the air such oils are difficult to weigh accu- 
rately. 

Meaning of '* Crude Fat." All of the compounds referred to 
above are distinguished by their extreme insolubility in wattf) 
and very slight solubility in alcohol; also by the readiness with 
which they are dissolved by ethyl ether, petroleum spirit, carbon 
disulfide and carbon tetrachloride. The remaining constituentB 
of most food materials are not appreciably soluble in the four 
solvents last named. Manv classes of food materials contain 
small amounts of other substances such as wax, resin, chlon^yfl 
and various coloring matters, which are also more or less soluble 
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these solvents, especially in ethyl ether. Long-established 
custom has led to the use of dry ethyl ether for the determina- 
tion of this group of food constituents. Since the results obtained 
by extracting a material with ether may include small amounts 
of substances other than fat the result should always be designated 
as "crude fat" or "ether extract." 

Purification of Ether. Unless especially purified ether con- 
tains both alcohol and water, and is then capable of dissolving 
appreciable amounts of certain sugars and other compounds 
which are not true fats. The alcohol can be removed by shaking 
,the solvent with water and allowing the mixture to stand until it 
eeiMirates into two layers. The upper ethereal layer is then re- 
moved and the large amount of water which it contains separated 
by adding solid calcium chloride, and allowing the resulting 
aqueous solution of calcium chloride to separate out; the residual 
ether is then made anhydrous by adding metallic sodium and 
distilling. The purified solvent should boil at 35°. From 35 to 
50 cc. are needed for each extraction where the continuous type 
of apparatus is used, but nearly 25 cc, which can be again used 
without further treatment, should be recovered when it is distilled 
from the fat. 

Compositicn of Peanuts. The seeds of the peanut contain 
from 40 to 50 per cent of substances soluble in ether, nearly all of 
which are true fats. At least 80 per cent of the ether-soluble 
substances is tri-olein and the remainder is made up of the 
glycerides of stearic, arachidic (C19H39COOH) and lignoceric 
(C23H47COOH) acids. None of these substances absorb oxygen 
from the air at an appreciable rate and hence no difficulty is 
experienced in weighing the crude fat separated directly. On the 
other hand, the cellulose-containing residue, which remains after 
extraction, is appreciably hygroscopic. 

Conditions Necessary for Complete Extraction. Ether pene- 
trates cellular tissue even when dry but slowly, and still more 
slowly when the tissue is moist. If the sample contains much 
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moisture it ia slowly taken up by the dry ether used, and gradually 
accumulates in the ethereal solution. Since the water cannot be 
easily distilled off from the crude fat without using an undesirably 
high temperature an appreciable error may result if the sample n 
not dried before it is extracted. 

The large amount and Uquid character of the fat present makes 
it impossible to grind these seeds in a mill, or to pass the ground 
pulp through a sieve. They can be crushed to a sticky mass in 
an agate mortar but this will still contain small lumps unlos 
great care is taken. The pulp can be completely dehydrated isj 
drying for an hour at 105° and the residue can usually be com- 
pletely extracted in three hours if the appai-atus used is efficient, 
and if not more than 3 gm. of sample is used. Time can be saved 
and greater accuracy assured if the extraction is continued for sa 
hour, the almost completely extracted residue ground very fine 
and the extraction continued for an hour longer. 

II. Outline of the Method of Procedure 
Preparation of the Sample. Select eight or ten nuts of aver- 
age size and maturity and remove the husks and the brown dds 
which envelops the seeds by means of a thin-bladed knife. Hac( 
the seeds on a porcelain plate or watch gla.^ and cut into 
shces with a knife, then place in an agate mortar and crush to > 
pulpy mass till free from lumps. Weigh out 3 gm, of the sample 
into a closed, dry weighing bottle, place in a drying oven and keep 
at a temperature of 105° for an hour. Determine the loss 
weight which results and calculate the percentage of water present. 
The Extractioa. Transfer the dried sample to a paper or 
alundum extraction shell and cover with a half-inch layer of cottd 
wool, which has been previously extracted with ether to 
the small amount of fat which it usually contains. Place the 
in an extraction tube similar to S of Fig, 40 or to Fig. 42. Wei^ 
accurately a clean, dry fat-flask of 125 cc. capacity, add 35 cc. irfj 
pure dry ethyl ether and connect with the extraction tube by 
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f- an accurately-fitting cork stopper. Connect the extraction 
tube with the vertical condenser as shown in Fig. 45 and adjust 
the corlc stoppers so that the flask rests directly on one of the iron 
heating plates, then start the water running thru the condenser. 
Close the switch which operates the heatmg device and after the 
ether begins to boil reduce the rate at wliich it boils, if this seems 
to be necessary, by interposing a thin sheet of asbestos over the 
hiiatmg plate. Adjust the end of the condenser so that all of the 
I'lmdensed ether falls inside the extraction shell and allow the 
process of extraction to continue for three hours. 

Weighing the Crude Fat. Disconnect the extraction tube 
and fiask from the condenser, remove to some distance from any 
source of heat and allow to drain for about five minutes. Dis- 
connect the flask from the extraction tube and then connect the 
Sask with one of the branches of the block-tin condenser tube. 
Place a receiving flask under the other end of the tin condenser 
tube and allow the ether to distil over until only about 2 cc. of 
yellow or brown oil remains. Then remove the flask and place in 
a water-jacketed oven, heat the water to boiling and keep at this 
temperature for an hour. Draw a current of dry air timi the 
flask by means of an aspirator until the residue gives no odor of 
fther. Allow the flask to cool and weigh accurately. Calculate 
■ ' I ■ percentage of crude fat in the dried sample and in the origLual 

.i-'Cted nuta. 
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CHAPTER XXXI 

ANALYSIS OF BLACK POWDER 

I. Facts Upon Which the Analysis Is Based 

Composition. '' Black powder " designates a mixture of char- 
coal, sulfur and either sodium or potassium nitrate which is largely 
used as an explosive, especially for blasting. Such mixtures are 
easily resolved into their essential constituents by first leaching 
out the soluble salts with water, then extracting the sulfur by 
means of carbon disulfide and assuming that the residual solid 
is charcoal. Altho the different ingredients are ground very fine, 
and intimately incorporated in the mixture, the solvents named 
readily act upon it since the charcoal makes the mixture porous, 
and there are no cell membranes thru which the solvents must pass 
to bring the soluble constituents into solution. 

II. Outline of the Method of Analysis* 

Determination of Moisture. Weigh out 2 gm. of the sample 
on a 3-inch watch glass, spread out as a thin layer and dehydrate, 
either by allowing to remain in a desiccator which contains con- 
centrated sulfuric acid, for a period of three days, or by heating 
in an oven at 70° for several hours or imtil the weight remains 
constant. The temperature must be kept low to avoid any 
possibility of volatilizing some of the sulfur. Calculate the per- 
centage of water lost. 

Determination of Nitrates. Weigh out 10 gm. of the crushed 
sample into a Gooch crucible, which is designed to be used in a 

* Bull. 51 of the U. S. Bureau of Mines by Walter O. Snelling and C. G. 
Storm. 
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r extraction apparatus (see Fig. 41), weigh accurately and 
connect with a suction flask in the usual manner. Wash with at 
least 200 cc. of wann water added in quantities of about 10 cc. at 
a time, and test the last wasUngs for nitrates by remo'ving a few 
drops and adding at least an equal volume of strong sulfuric acid 
in which a few crystals of diphenylamine have been dissolved. 
This test will yield a deep blue color if even traces of nitrates are 
present. When all the nitrates have been leached out, remove 
the crucible, dry at 70° until the weight is constant and calculate 
the percentage of nitrates present from the difference between the 
total loss in weight and that due to the moisture originally present 
m the sample. 

Determination of Sulfur. Place the crucible containing the 
residue from the last determination in a Wiley extraction appara- 
tus and extract with about 35 cc. of recently distilled carbon disul- 
fide for about one hour. Remove the crucible, allow most of the 
carbon disulfide to evaporate spontaneously, dry to constant 
weight at 70° and calculate the percentage loss as sulfur. 

Detennination of Charcoal and Ash. Calculate the percent- 
age of charcoal from the weight of residue left in the crucible. 
Bum off the organic matter in the crucible, weigh the residual ash 
and calculate the percentage present. 
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PARTITION PROCESSES 



CHAPTER XXXII 

GENERAL FEATDKES OF PARTITION PROCESSES 

Consulate Liquids. When two liquids, which do not react 
I Tirith each other chemically, are mixed, one or more liquid phases, 

depending on the specific properties of the two liquids, may 
JBult. With certain pairs of liquids an infinite number of homo- 

[eneoua aolutiona representing every possible ratio of the two 
constituents can be prepared; this is true of the liquids, alcohol 
and water. With other pairs of hquids the possibilities are 
limited; either liquid may become saturated with respect to the 
other, and if a greater amount of one liquid than is required to 
saturate the other is added, a new liquid phase separates. One 
of the resulting liquid phases usually contains a relatively large 
amount of the first liquid but is saturated with the second; the 
other usually contains a relatively large percentage of the second 
liquid but is saturated with the first. If small amounts of water 
are successively added to ether, and the nuxture is shaken after 
each addition, a single phase containing a relatively large amount of 
ether b first obtained, but when the amount of water added exceeds 
3 per cent by volume of the ether used, a second phase containinS 
about 90 per cent of water separates. The addition of furtbef 
quantities of watex does not change the composition of eitha 
phase, but increases the amount of the water-rich phase at tht 
expense of the ether-rich phase, and if a sufficient amount is adcM 



GENERAL FEATURES OF PARTITION PROCESSES 221 . 

will cause the entire disappearance of the latter. The addition 
of still further quantities of water merely increases the percentage 
of water in the water-rich phase. 

Many pairs of Hquids, such as kerosene and water, are so slightly 
soluble in each other that the addition of a very small amount of 
one liquid to the other at once produces two distinct phases, whose 
composition is practically the same as that of the pure solvents. 
Any pair of liquids which exist as independent phases after being 
shaken together and allowed to stand until equilibrium has been 
attained are spoken of as "consolute" liquids. The mutual 
solubility of two consolute liquids is affected very greatly by tem- 
perature changes. Increasing the temperature usually increases 
their mutual solubility and may cause them to become soluble in 
any proportions whatever, that is, may result in the disappearance 
of one of the two phases. 

The Distribution Coefficient. When a small amount of a third 
substance is added to a system consisting of two consolute liquids, 
the whole shaken for some time, and allowed to stand until per- 
fect equilibrium has resulted, the added substance, or a certain 
part of it, distributes itself between the two phases. The ratio of 
the concentration of the dissolved substance in one phase to the 
concentration in the other is a definite quantity, which is inde- 
pendent of the magnitude of the concentrations concerned, pro- 
vided the dissolved substance docs not dissociate and does not 
form molecular aggregates, This ratio can be easily determined 
experimentally and is known as the "distribution coefficient." 
Its value is affected to some extent by temperature changes. If 
the two liquids are but shghtly soluble in each other, and if the 
added substance is much more soluble in one than in the other the 
value of the distribution coefficient will be either very large or very 
sioall, depending upon which of the two solutions concerned ia 
taken as the standard of comparison. If, however, the two liquids 
possess a more nearly equivalent solvent power for the added 
substance, or if the two liquids dissolve one another to a large 
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extent, so that the composition of the two resulting liquid phase 
does not greatly differ, the value of the distribution coefficien 
becomes more nearly equal to unity. 

The Separation of Consolute Liquids. The tw( 

liquid phases which make up a consolute mixtun 

can be mechanically separated by a variety of de 

vices. The simplest method is to insert a pipet oi 

a tube, similar to the one shown in Fig. 46, into 

the mixture till its end is slightly above the plane 

separating the two layers, to draw the upper layer 

into the tube by suction, and transfer the liquid 

to another vessel. The separation thus effected is 

always imperfect as it is impossible to remove all of 

Separatory the upper layer without also removing some of the 

Pip^t lower layer, but this error is comparatively small if 

the area of the containing vessel at the point of contact of tie 

two layers is small. 

A much more satisfactorj- device is a "separatory 
funnel," one of the many forms of which is represented 
in Fig. 47. This is provided with a glass stopper and 
a side tube, which can be closed with the finger or agood 
cork, so that the two consolute Hquids can be shaken 
together vigorously. The lower of the two resulting 
layers can then be allowed to drain into another vessel 
by opening the glass stopcock at the bottom of the 
funnel. The inaccuracy of the separations made with 
such a device is due almost wholly to the small volume 
of the heavier hquid which adheres to the inner surface 
of the tube below the stopcock ; for this reason this tube 
should be made aa short as possible and of such a pig. 47--' 
diameter that capillarity does not prevent it from 8((Mi<»«tf 
discharging readily after the stopcock has been closed. ^"""^ 

Difficulties arise in the separation of two consolute liquids irf* 
one or both liquids show a tendency to "emulsify," that IB,. 
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form an intimate mixture composed of small bubbles of the two 
liquids, which do not segregate except after very long standing. 
Instances occasionally arise in which this difficulty is sufficient 
to make the process concerned an impracticable one. The pres- 
ence of any finely divided solid matter always retards and may 
prevent an entirely satisfactory segregation of the two liquids. 

General Theory of Partition Processes. Iodine is much more 
soluble in the liquid carbon tetrachloride than in water and these 
two liquids are but slightly soluble in each other. As a consequence 
of these facts the distribution coefficient of iodine between the 
consolute liquids which result when carbon tetrachloride is added 
to an aqueous solution of iodine has at ordinary temperatures the 
value 85, This means that every unit volume of the carbon tetra- 
chloride-rich phase will contain eighty-five times as much iodine 
as each unit volume of the water-rich phase. The total amount 
of iodine separated from an aqueous solution by this treatment 
would also depend on the volume of the aqueous, as compared 
with that of the carbon tetrachloride phase. Suppose, for example, 
it is assumed that the aqueous solution has a volume of 100 cc, and 
contained 0.2 gm. of iodme, that 50 cc. of carbon tetrachloride is 
added, and that the changes in volume which result after equilib- 
rium has been established are insignificant. If % represents the 
weight of iodine in the resulting aqueous phase 0.2 — x must 
represent the weight of iodine in the carbon tetrachloride phase. 
The distribution coefficient would require that 

X . 0.2-j; ,,. „. 
lOO- 50 ■■^■«^- 

When this expression is solved for x the latter is foimd to have the 
value 0.0046, that is, the weight of iodine in the aqueous solution 
is reduced to 4.6 mg. by this treatment. 

If now the carbon tetrachloride solution is separated from the 
mixture, and the residual aqueous solution is again treated with 
50 cc. of carbon tetrachloride a further quantity of iodine will be 
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taken up by the latter. If y represents the weight of iodine left 
in the aqueous solution after this second treatment, the distribu- 
tion coefficient would require that 

y . 0.0046 -y . 
100" 50 ■■^■'^■ 

The value of y calculated from the expression is found to be 
0.0001016. 

The calculation shows then that practically all of the iodine 
can be separated from the aqueous solution by two treatments with 
50 cc. portions of carbon tetrachloride. It can be readily shown 
that the use of only 75 cc. of this liquid in three 25 cc. portions 
would have left only 0.018 n^. of iodine in the aqueous solution 
and in general, several treatments with small amounts of carbon 
tetrachloride is more efficient and economical than fewer treat- 
ments with larger amounts. It is also obvious that the smaller 
the volume of the solution from which the substance is to be 
determined is separated, the greater the efficiency of the process. 

In general, the theory of partition processes shows a close 
analogy to that already developed in discussing the washing of 
precipitates, but unlike the latter it does not involve the use of 
assumptions which are never actually realized. Further emphaffls 
should be laid, however, on the qualification already noted, namely, 
that the value of the distribution coefficient may change with 
varying concentration. This may result from the effect of varj'iDK 
concentration upon the degree of ionization or of hydration, or 
upon the nature of the substances actually present in the solution 
concerned. 





CHAPTER XXXIII 

DETERMINATIOH OF HICKEL IN NICKEL STEEL 
I. Facts Upon Which the Determination Is Based 

Composition of the Sample. Alloys of nickel and iron, which 
contain from 1 to 14 per cent of nickel, are frequently used for 
structural purposes where extreme hardness and toughness are 
demanded, and where the importance of these factors warrants the 
extra cost of such an alloy. They usually contain small amounts, 
up to 1 per cent, of combined carbon, very small amounts of 
silicon, sulfur and phosphorus and eometimea appreciable amounts 
of manganese and copper. 

Altho nickel hydroxide is readily soluble in an excess of am- 
monium hydroxide this reagent cannot be used to effect a quantita- 
tive separation of nickel from iron, unless the process is repeated 
several times, or unless the percentage of iron present is very 
small, owing to the occlusion of nickel by ferric hydroxide. The 
partition process devised by J. W. Rothe is an extremely con- 
venient and rapid method for making this separation. 

Theory of the Separation. Anhydrous ferric chloride, unlike 
the chlorides of aluminum, nickel, cobalt, chromium, manganese, 
zinc and copper, is readily soluble in ethyl ether. If, however, 
ether is added to an aqueous solution of ferric chloride very little 
iron is taken up by the resulting ethereal solution unless a large 
concentration of hydrochloric acid or some soluble chloride is also 
present. It is probable that only unionized ferric chloride is 
appreciably soluble in ether, and that the element cannot be 
separated by the use of ether unless the ionization of the ferric 
chloride is repressed by the addition of hydrochloric acid. The 
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best results are obtained when the iron solution treated contains 
from 20 to 25 per cent of this acid. 

The value of the distribution coefficient which is concerned 
here is not constant but varies with the temperature and the 
concentration of both acid and ferric chloride in the aqueous 
solution; under favorable conditions it may attain a value of 100. 
The values for the distribution coefficients of the chlorides of the 
metals named above, except possibly copper, are represented by 
extremely small fractions. 

Conditions Necessary for the Separation. The rate at which 
iron was removed from an aqueous solution, which had a volume 
of 20 cc. and contauied in addition to 20 per cent of hydrochloric 
acid 0.2054 gm. of iron aa ferric sulfate, by successive treatments 
with 25 ce. portions of ether, is shown in the following results. 

Iron removed by first treatment 0.1964 gm. 

Iron removed by second treatment 0.0075 gm. 

Iron removed by third treatment O.OOlfl gm. 

Iron removed by fourth treatment 0.0007 gra. 

Iron removed by fifth treatment '. . . 0.0002 gm. 

E ferrous salts arc not appreciably soluble in ether all of the 
1 must be kept in the ferric condition during the separation. 
B ether reduces ferric salts appreciably at a temperature shghtly 
love the normal the mixture must be kept cold. It is further 
scessary to keep the concentration of all anions except chlorine 
; if such anions are present they may keep some of the iron in 
ich a form that it is not easily taken up by the ether. 
k Determination of the Separated Iron. Most of the ether 
ffint in the ethereal solution can be recovered for subsequent 
♦lions by distilling in a suitable apparatus; were it not so 
of the method would often be prohibitive. The last 
" driven off by evaporating in an open vessel; the iron 
«n reduced during the distillation and evaporation 
ed before it is precipitated. 
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Determination of the Separated Nickel. The decomposition 

voltage of the nickel ion is about 0,22 volt higher than that of the 
hydrogen ion. It can be rapidly and completely separated in a 
dense fonn from a neutral solution of the double oxalate, or from 
solutions of the sulfate to which a large excess of ammonium 
hydroxide has been added. In the presence of the NOg ion a small 
amount of nickel oxide, which is not easily redissolved, may sepa- 
rate at the anode. The precipitated metal is not dissolved appre- 
ciably by the anunoniacal solution and it is not easily oxidized. 

II. Outline of Method of Procedure 
Preparation of the Solution. Weigh out 2 gm. of the sample, 
"which should be in the form of drillings or shavings, into a 300 co. 
beaker, add 20 cc. of dilute hydrochloric acid, 5 of dilute nitric 
acid, cover with a watch glass and warm the mixture until the alloy 
is dissolved. Remove the watch-glass cover and evaporate the 
solution cautiously to avoid loss from spattering until a thick syrupy 
liquid or solid residue remains. Add 10 cc. of concentrated hydro- 
chloric acid to the residue and evaporate as before; finally dissolve 
the residue in 10 cc. of dilute hydrochloric acid, dilute to 20 cc, 
filter off the small residue of silica and carbon on a 7 cm, filter and 
wash free from soluble salts, using the smallest necessary amount 
of cold wash water. 

Separation of the Iron. Concentrate the filtrate to a volume 
of 10 cc, allow to cool and then transfer the solution to a 100 cc. 
separatory funnel with the aid of 10 cc. of dilute hydrochloric 
acid and 50 cc of ether. Place both glass and cork stoppers in 
the funnel, cool the latter under a stream of water from the tap, 
shake cautiously once and release the excess of pressure created 
in the fimnel by cautiously opening the cork stopper. Replace the 
cork stopper, agam cool the funnel and shake vigorously for about 
three minutes. Support the funnel in a vertical position by means 
of a clamp and allow it to stand until the plane separating the 
two consolute liquids is clearly defined. Remove the cork stopper 
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and cause the aqueous phase to drain mto the beaker previousljr 
used, allowing sufficient time to permit the aqueous phase to flow 
down the inner surface of the funnel and several drops of the 
ethereal phase to flow through the stopcock; then rinse off the 
lower end of the fimnel with 2 or 3 cc. of water. These precao- 
tions become necessary for the purpose of rinsing every drop d 
the aqueous phase out of the fimnel before attempting to remove 
the ethereal phase. Allow the ethereal phase to flow into a 200 cc 
Erlenmeyer flask, rinse off the inner and outer surfaces of the tube 
below the stopcock with 3 to 5 cc. of water, then close the stop- 
cock and set the flask aside. Transfer the aqueous solution in the 
beaker to the fimnel with the aid of 25 cc. of ether and again mix 
and separate the ethereal layer. Connect the EIrlenmeyer flask 
containing the combined ether extracts with a condenser and 
carefully distil off the ether, which can be used for subsequent 
determinations. 

Separation of Last Traces of Iron. Add cautiously 5 cc. of 
concentrated sulphuric acid to the aqueous solution and warn 
gi^utly until the ether present is expelled, then heat nearly to the 
boiling lH)iut and evaporate the solution until fumes of sulphur . 
trioxiilo appear; next add 50 cc. of water, and digest until soluble -j 
siilts are <.lisi>olved» then add 5 cc. of hydrogen peroxide to oxidiie 
tui\' iron which may have been reduced by the ether, heat to the 
iKulinjj: tK)int and add an excess of ammonium hydroxide, that 
is, sutHciout to impart a strong odor to the solution. Keep the 
5>i>lutioii at or uoivr the boiling point for a few minut^ then filter] 
olY tho prtvipitatt\l ircm and manganese on a 7 cm. filter and wash 
with tho 5>mallo5>t neoes5>i\ry amount of hot water. 

Determination of Nickel. Ignite and weigh accurately a clean 
pl;itii\un\ oloctn.HU\ preferably of gauze. Place the electrode and 
a pliitinum x^piral in tho niokel solution, add 20 cc. of dilute am- 
mouiuiu hydrvwido and make the proper connections with the 
tonuiiuiW of a i^torage batter}'. If a gau2e electrode has beet 
pi\^^^n.\l U5V a current of one ampere and allow the action to coo* 
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tiuue for at least fifteen minutes after the solution has become 
colorless. If a foil electrode has been prepared, it will be prefera^ 
ble to use a current of one half ampere only. Remove the cathode, 
wash in alcohol, dry at 100" and weigh. Calculate the percentage 
of nickel present. Il«move the nickel from the cathode by allow- 
ing it to stand in a cylinder of strong nitric acid for twenty 
minutes and rinse ofi the acid with water. 

ni. QUESnONB AMD PROBLEMS. SbRIES 15 

L Calculate the values of the distribution coefficient for iron in the ethereal 
u compared with the aqueous phase at different concentrations from the data 
pven on page 226. 

2. Discuss the factors to which the changes in the values of this distribu- 
lion coefGcient are due. 

S. A solution, which haa a volume of 100 cc. and contains 0.4 gm. of HgBri, 
B treated successively with 20 cc. portions of benzene; if the distribution 
coefficient, that is (HgBri) in H^ -i- (HgBr,) in CHg, haa the value 0.88, 
, how many treatments are needed to reduce the amount of HgBri to 0.1 n^.7 

i. Writ« out a probable reaction for the reduction of ferric chloride by 
«hcT. 

5. Suggest a probable effect of the presence of alcohol in the ether used for 
this s^aration. 

6. What objections ore there to precipit«tixig the iron by means of ammo- 
ninrn hydroxide without previous oxidation? 

7. Explain how nickel might separate at the anode during electrolyais and 
how N0| ions could favor the separation. 

8. Would you expect the electrolytic determination of nickd to be affected 
by the presence of Co, Cu, Zn, Pb or Ag? 
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CHAPTER XXXIV 

DETERMINATION OF CAFFEINE IN TEA 
I. Facts Upon Which the Determination Is Based 

Properties of Caffeine. The stimulating properties of tea and 
coffee are due for the most part to caffeine. This compound is rep- 
resented by the formula CgHioN^Oj, but it crystallizes with one 
molecule of water, which it begins to lose when heated to 110°. 
It belongs to that class of orgamc compounds which, owing to their 
weakly basic properties, are known as alkaloids. It begins to be 
appreciably volatile at 100°, melts at 225°, and can be sublimed 
without decomposition. It is soluble in about seventy-four parts 
of water, eight of chloroform and 2270 of ether. The salts wMeb 
it forms with acids are more soluble in water than the free base. 

Properties of Cbloroform. One volume of chloroform requires 
nearly 183 volumes of water to dissolve it and the composition 
and properties of the consolute liquids formed when chloroform 
and water are mixed are essentially those of the pure compo- 
nents. Pure chloroform has a specific gravity of 1.526, it boila 
at 61° and its vapor is not inflammable; although it is an expen- 
8tve reagent it is easily recovered and purified after use. 

When caffeine is in equilibrium with chloroform and water the 
concentration in the chloroform layer is about thirteen times as 
great as in the aqueous layer. Altho this ratio is not ver>- 
large it is ho much larger than the ratio representing the distribu- 
tion of inorganic salts between chloroform and water that caffon* 
can be easily separated from these salts by a partition process. 

Composition of Tea Leaves. Tea contains in addition 
from 1 to 5 per cent of caffeine, soluble inorganic salts, taimic 
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coloring matter and small amounts of essential oils and organic 
acids. If the leaves are extracted with a sufficient amount of hot 
^vater all of the caffeine and most of the tannin, inorganic salts 
and organic acids are brought into solution. If the aqueous solu- 
tion is treated with a sufficient amount of a solution of basic lead 
acetate the tannin and organic acids form insoluble lead salts, but 
the caffeine remains unprecipitated. The excess of lead acetate 
necessarily added can be separated by passing hydrogen sulfide 
through the solution, and the excess of hydrogen sulfide used can 
be boiled off. 

Sources of Error. The small amount of caffeine present in 
tea makes it desirable to use several grams of the sample for the 
determination. The residue which remains after the extraction 
occupies a lai^e volume and is difficult to filter and wash thor- 
oughly. The precipitate of lead salts is also very bulky and forms 
a dense, impervious coating on the filter, which is difficult to wash. 
These errors are made as small as possible by weighing out about 
5 gm. of the sample and, after digesting with water and separating 
the impurities, diluting to 500 cc, allowing the insoluble residue 
to settle and removing an aliquot part of the clear solution. This 
procedure involves a positive error since it is assumed in the sub- 
sequent calculations that the total volume of the solution was 
500 cc. Altho a rough estimate of the volume occupied by the 
solid matter could be made and a correction introduced the proc- 
ess involves other negative errors, and a better result is obtained 
if the error is disregarded. Even where the greatest care is ex- 
ercised the percentage error of the method is comparatively large. 

II. Outline of Method of Pbocedurb 
Preparation of Aqueous Solution. Prepare the sample by 
crushing the leaves in an agate mortar till fine enough to pass 
thru a forty-mesh sieve. Weigh out 5 gm. of the sample, transfer 
to a 500 cc. graduated flask, add 400 cc. of water, heat slowly to 
the boiling point, taking care to prevent the mixture from boiling 
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over, and keep slightly below this temperature for a half hour. 
Cool the mixture to the temperature of the room and add slowly 
and with constant agitation 4 cc. of a solution of basic acetate of 
lead; * this should be sufficient to precipitate all of the taimin and 
coloring matters present. Dilute the mature to exactly 500 cc, 
mix thoroughly and allow to stand imtil the solid matter present 
settles. 

Remove by means of a pipet 20 cc, of the clear solution and 
allow it to pass thru an 1 1 cm. filter into a clean 200 cc. graduated 
flask but discard the filtrate thus obtained since the paper may 
have absorbed an appreciable amount of caffeine. Remove and 
filter further quantities of the solution until the flask is filled to the 
200 cc. mark. Transfer the 200 cc, of filtrate to a 400 cc. beaker 
and pass hydrogen sulfide thru the solution until the precipitated 
lead sulfide becomes granular. Filter into another 400 cc. beaker, 
wash with a small amoimt of cold water, evaporate the solution to 
100 cc. and allow to cool. 

Separation of Caffeine. While waiting for the solution to 
evaporate, clean a 100 cc. Erlenmeyer flask dry in an air bath, 
fallow it to cool in the balance room for at least half an hour and 
.weigh accurately, using a glass counterpoise of about the same 
'surface area. 

Transfer the aqueous solution to a 200 cc. separatory funnel, 
add 20 cc, of chloroform, place both stoppers in the funnel and 
vigorously for three minutes. Support the fuimel in a 

irtical position by means of a clamp, remove the cork stopper, 
(lace the previously weighed flask under the funnel and by care- 

lly manipulating the stopcock allow the chloroform solution to 

in into it until the plane dividing the two liquids barely reaches 

Mpcock. Rinse off the lower end of the funnel with a few 

' pure chloroform added from a pipet and receive the 

I by boiling 430 gm, normul lead acetate, 130 gm. litharge and 
'or an hour, allowing to cool and settle, and diluting until 
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Prinsings in the flask. Repeat the treatment with two more 20 cc. 
portions of chloroform. 

Weigh accurately 1 or 2 inches of fine platinum wire and add to 
the flask. Connect the flask with a condenser by means of a 
glass tube and cork stoppers, start the water running through the 
condenser and cautiously distil off the chloroform until only a few 
drops of solution remain but avoid heating the flask much above 
the boiling point. The platmum wire should reduce the tendency 
of the solution to boil over materially. Return the distillate 
obtained to the stoek bottle for future determinations. 

Again extract the aqueous solution with three 20 ec. portions 
of chloroform, receivmg the chloroform solution in the Erlemneyer 
flask previously used and again distil off the chloroform. 

Disconnect the flask from the condenser while still warm, 
introduce a glass tube, which is attached to an aspirator or water 
pump, to within a half inch of the bottom of the flask and draw 
air thru it for several minutes. Place the flask in an air bath 
heated to 75° for a half hour, again draw air thru it, allow to cool 
and weigh. The separated caffeine should consist of fine needle- 
like crystals of a nearly white color. Calculate the percentage 
present. 

III. Question's and Froblbus. Series 16 

1. Calculate the weight of naffeine which ahould be removed by each huc- 
cessive treatment of the pure aqueous eolution, iksauming that the weigh ta and 
volumes used correspond exactly to those called for in the method outlined 
and that the sample contains 5 per cent of caSeine. 

2. Calculate, as in the previous problem, the weights of caffeine which 
should be removed, assuming however that 1 cc. of the chloroform solution 
is left with the mixture after each treatment. 

3. What compounds would you expect to find in the aqueous solution finally 
left from the determination of caffeine in tea? 

4. What methods eould you use to test the purity of the caffeine finally 
separated from the tea? 

5. Is it at all probable that any of the caffeine would remain in the aqueous 
solution as a salt of hydrogen sulfide? 
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CHAPTER XXXV 

THEORY OF VOLUMETRIC PROCESSES 

Fundamental Definitions. Volumetric anal3rsis is that brandi 
of quantitative analysis in which the amount of an element of 
compound, which is present in the substance submitted to analysSt 
is calculated from the voliune of some reagent of known strength 
that is found to be necessary to complete a reaction with the 
element or compound being determined. A reagent espedaOf 
prepared for making such a determination is known as a "standard 
solution." The value of this solution may be expressed either in 
terms of the number of grams of reagent actually present in » 
imit-volume, or in terms of the number of grams of any substance 
with which the reagent in one unit-volume reacts. The proccflB 
of determining the volume of standard solution necessary to com- 
plete a reaction Tvith a solution of the substance which is being 
analyzed, and in general the process of comparing the rdative 
strengths of two solutions which react with each other chemically^ 
is designated as "titratmg." 

The essential difference between gravimetric and volumetric 
processes consists in the substitution of a measurement of a stand- 
ard solution for a determination of the weight of a precipitate, 
or of some product, which is separated from the substance bring 
analyzed. Since volumetric processes necessarily involve calcih 
lating the magnitude of a weight, which corresponds to the wei^t 
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of precipitate or other product separated in a gravimetric process, 
they are virtually indirect methods of carrying out gravimetric 



Reactions Suitable for Volumetric Processes. Volumetric 

processes are usually based upon definite chemical reactions but 
only a Umited number of reactions can be employed in making 
volumetric determinations. In general ordy those reactions which 
take place completely and instantaneously when equivalent 
amounts of the reacting substances are present are suitable for 
volumetric processes. For this reason reactions which result in 
the formation of new phases, or which give rise to products which 
are but sUghtly ionized, are largely used. A number of reactions 
which are sufficiently complete but not instantaneous become 
so upon the addition of a slight excess of the reagent used for the 
preparation of the standard solution. Such reactions are some- 
times used as the basis of volumetric processes by the method of 
"back titration." In employing this device a slight excess of the 
standard solution is added, and the excess added is then titrated 
with a second standard solution, which reacts completely and 
instantaneously with the standard solution first employed. If the 
volumetric relation between the two standard solutions has been 
previously determined, the proper correction for the excess of 
standard solution first addud is easily made. 

Determination of the End-point. A second requirement, 
which reduces still further the number of reactions which can be 
Used for volumetric determinations, is that some method can be 
devised to determine the point at which the amount of standard 
Solution added is equivalent to the substance being titrated. As 
this point is approached certain of the physical and chemical 
properties of the solution change very rapidly in some cases there 
is a marked change in the color or electrical conductivity of the 
mbrture, in others a precipitate may begin to form or may just 
cciise to form, in still others the addition of another reagent, that 
tA, an "indicator," causes a decided color change to take place. 
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The point at which a sufficient amount of the standard solution 
has been added to make these changes recognizable is known as 
the "end-point" of the titration. The difference between this 
point and the point at which an equivalent amoimt of the standard 
solution has been added, that is, the true end-point, must be small 
if the process is to be sufficiently accurate. 

Theory of Indicators: First Case. Whenever an indicator 
is used, the physical change which is recognized is the result of 
a chemical reaction, in which the indicator itself is one of the active 
reagents. The indicator may react either with the substance 
being determined or with the standard solution employed in making 
the determination. In the latter case the reactions concerned may 
be represented by the following equations, in which X represents 
the substance being determined, R the reagent in the standard 
solution being used, and / the indicator employed: 

(1) X+I + R-^RX + I, 

(2) I + R-^IR, 

(3) IR + X-^RX + L 

The appearance of the end-point is here dependent upon the con- 
centration of IR which should remain equal to zero as long as an 
appreciable concentration of X is present, but should increase in 
direct proportion to the amount of R added as soon as the con- 
centration of X has. been reduced to zero. In other words, re- 
action (1) must be completed before reaction (2) begins to take 
place, but reaction (2) must take place promptly, even when the 
concentrations of I and R are very small. 

It is further necessary that in case a small amoimt of the com- 
pound IR has been formed during the earlier part of the titration, 
which may readily result from imperfect stirring and consequent 
accumulation of R in the upper layers of the solution, it should 
react with X according to equation (3), thus preventing the 
appearance of false end-points. Reaction (3) is also a direct 
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measure of the preponderance of reaction (1) over reaction (2) 
in the presence of X, that is, it insures the completion of (1) before 
(2) begins to take place. 

It is evident, therefore, that the closeness of the agreement 
between the end-point actually recognized and the true end-point 
depends upon the values of the equilibrium constants of the three 
reactions concerned. 

A second factor which is of some importance is the amount of 
indicator used. In those cases in which the end-points obtained 
depend upon a change from one specific color to another the two 
colors often tend to mask one another and give rise to a series of 
indeterminate transition tints. It is then desirable that the entire 
amount of indicator present should be completely transformed 
into the compound possessing the different color by the slightest 
possible excess of the titrating solution; in such cases only a small 
amount of indicator may be used. 

If, however, the solution of the indicator is colorless, and the 
addition of an excess of the standard solution produces a specific 
color, a relatively lai^e amount of indicator may sometimes be 
used to advantage. Increasing the concentration of the indicator 
favors the completion of reaction (2) but inhibits reaction (3). 
If, therefore, the equilibrium constant for (2) is somewhat small 
and that of (3) is sufficiently large, an increase in the amount of 
indicator used should increase the accuracy of the process. On 
the other hand if the reaction constant for (3) is too small and that 
of (2) is sufficiently large, a decrease in the amount of indicator 
used should increase the accuracy of the process. 

Theory of Indicators: Second Case. If the indicator used re- 
,acta with the substance being determined the series of reactions 
concerned may be represented as follows: 

(4) X+I^IX, 

(5) X+IX + B-*RX + IX, 
^^^ (6) IX + R^RX+I. 
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The appearance of the end-point is here dependent upon the 
concentration of /, which should remain equal to zero as long as 
an appreciable concentration of the excess of X is present. The 
accuracy of the process is determined largely by the magnitude 
of the three equilibrium constants concerned. 

The Advantages of Volumetric Processes. Volumetric proc- 
esses can usually be carried out much more rapidly and often 
demand leas experience and skill than the correspondii^ gravi- 
metrie processes. The time needed to make the actual titration 
is usually a few minutes only but the necessity of removii^ inter- 
fering substances and of transforming the substance to be deter- 
mined into the most suitable form often increases the time required 
for the entire analysis to several hours. Many are more accurate 
than the correspondii^ gravimetric processes but in other cases 
the reverse is true. They avoid the errors which are involved in 
making an actual separation, that is, the errors resulting from 
solubihty, from occlusion or from other difficulties which yield an 
impure product, and from actual mechanical losses. On the other 
hand they necessarily involve certain errors in the preparation 
and measurement of the standard solution used and in the dete^ 
mination of the end-pomt of the reaction upon which the process 
dcpends- 

Principle of Compensating Errors. A principle which can be 
used to great advantage in volumetric processes is that of counter- 
acting the errors involved In the actual determination by equal 
errors in the standardization of the solution used. Assuming that 
there is always a discrepancy between the true and the observed 
end-point, it will generally be true that this discrepancy will be 
constant so long as the conditions remain constant. If the solu- 
tion is standardized under exactly the same conditions as those 
Ehich must obtain in the actual determination, practically all 
»r8 are eliminated as the standard solution used becomes merely 
rtrument by means of which the strengths of two solutions 
ime substance, one representing a known amount of a pure 
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compound and the other the solution of unknown concentration, 
are compared. Considered from this point of view it is preferable 
to standardize the solution by comparing with a known weight 
of the substance being determined, and wherever it is possible to 
use the same solution for the determination of a number of sub- 
stances, strict accuracy would demand that the solution be re- 
standardized for every one of the substances for which it is to 
be used. 

Determination of Standard Solution Used by Weight. — When 
results oi extreme accuracy are required, or when the volume of 
standard solution used is so small that the percentage error in- 
volved in measuring it is large it may be found advantageous to 
determine the amount of standard solution used by weight, When 
this procedure is adopted the solution should ba standardized in a 
similar manner, that is, its value should be ascertained in terms of 
the weight to which one gm., rather than one cc, is equal. A 
special form of apparatus, which can be conveniently attached to 
the beam of the balance and weighed before and aft«r the titra- 
tion, is used to contain the standard solution. There is no gain in 
using standard solutions in this manner unless the accuracy with 
which the end-points of the process used can be determined ap- 
proaches that with which the weights of the solutions used are 
determined. 




CHAPTER XXXVI 



V 



MEASUREMENT OF THE SOLUTIONS USED IN VOLUMETRIC 

DETERMINATIONS 

I. Sources and Methods of Avoiding Ebbors 

Volumetric Apparatus. The accuracy of volumetric deter- 
minations depends in part upon the accuracy attained in the 

measurements made and necessitates 
the use of certain special forms of 
apparatus. 

Burets are calibrated glass tubes of 
uniform, small diameter, designed to 
measure variable amounts of liquids 
delivered by them, when supported 
in a vertical position. The delivery 
of the liquid which is being measured 
is controlled in the form first used by 
Geissler (see Fig. 49), by a glass stop- 
cock, and in the form first used by 
Mohr (see Fig. 48), by a rubber joint 
which connects the end of the tube with 
a glass nozzle, and is provided with 
a pinchcock or a screw clamp. The 
former has the disadvantage of re- 
quiring the use of some lubricant, such 
as a mixture of beeswax and vaseline, 
to prevent leakage, and of being more 
expensive and more easily broken. The 
latter has the disadvantage that the rubber connection is actec 
upon to some extent by solutions of strong alkalies and bj 
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Fig. 48.-Mohr 
Buret 



Fig. 49.-Geiss- 
ler Buret 
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certain oxidizing ^ents, which may reduce the concentrations of 
the solutions meaaiu^d in them appreciably. 

The total capacity of the burets usually employed is either 100, 
50, 25 or 10 cc; the 50 cc. buret should be graduated to read 
tenths of a cubic centimeter and its diameter should be small 
enough to permit of estimating fiftieths of a cubic centimeter 
with reasonable accuracy. Burets of smaller capacity should be 
made of tubes having a still smaller diameter in order to make 
measurements with a corresponding degree of accuracy. Since 
two readings are involved in each measurement 
the maximum possible error in the use of a 50 cc. 
buret should not exceed one twenty- 
fifth of a cubic centimeter which 
corresponds to one-eighth of one per 
cent when the amount measured is sa 
much as 50 cc. 

Pipets are tubes of much smaller 
bore than burets, designed to measiwe 
definite amounts of hquid only. They 
are usually provided with an enlarge- 
ment at then- center, as in Fig. 50, 
which greatly mcreases their capacity, 
and a single mark near the upper end, 
which indicates the point to which 
they must be filled to deliver the 
volume for which they are calibrated. 
Sometimes they are calibrated by 
means of two marks, one above and , 
the other below the enlargement, and 
in this case the value of the pipet is determined by the volume 
of liquid delivered during the passE^e of the meniscus from the 
upper to the lower mark. The so-called measuring pipets (Fig. 51) 
lack the enlargement at the center, and are calibrated like burets; 
they are rarely used for amounts greater than 10 cc. The form of 



Kg. 5 



-Pipet , 



Fig. 51.— Pipet 



I 

H^the ptpet should be such as to permit of a free Sow of the liquid 
over its entire inner surface when held vertically, and the orifice 
should be small. The time required for the delivery of the liquid 
from a SO.cc.pipet should not be less than 20 seconds; from a 10 ca 
plpet it should not be less than 10 seconds. Where properly used 
the error involved in the measurement with a 25 cc. pipet should 
not exceed one one-hundredth of a cubic centimeter. They are 
Lto be preferred to burets wherever it is possible to use them, on 
account of the greater ease and accuracy witi 
which they can be manipulated. 

GrEiduated flasks (Fig. 52) are flat-bottomed, 
and have a long narrow neck. They are usually 
calibrated to contiun a definite volume, but may 
be calibrated to deliver that volume. The 
diameter of the neck should be small as compared 
with its capacity; that of a 1000 cc. flask ghould 
not exceed 20 mm.; that of a 100 cc, flask should 
not exceed 10 mm. 

The uncertainty involved in the use of a lOOO cc. 
flask should not exceed a tenth of a cubic centi- 
_ meter; for a 100 cc. flask it should not exceed 

ated Flaak *^*' one-bundredths of a cubic centimeter. 

Graduated cylinders are cylindrical glass tubes 
provided with an enlarged base or foot and with a lip for pou^ 
ing. They are calibrated to indicate the varying amounts of 
liquid which they can cont^ and are employed for rou^ 
measurements only. 

Error from Parallax. Errors may result from inaccuracies lo 
reading the level of the hquid in the apparatus used. Unless ihe 
liquid being measured is intensely colored the lowest point on the 
curve of the meniscus forms the most satisfactory point of refer- 
ence, with which to compare the graduations on the apparatus- 
Since this point fies at the center of the tube the error from piinl- 
lax, especially where the tube is of large diameter, must be a^ 
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The simplest method of doing this is to hold the tube so that its 
main axis is perfectly vertical, and make all measurements with 
the eye held at such a level that the line of sight makes an angle 
of 90° with the axis that is, the measurement is made from the 
point at which the plane tangent to the meniscus at its lowest 
point and perpendicular to the axis of the tube cuts the wall of the 



A number of devices may be employed to assist in maintaining 
the eye at the proper position, A piece of looking glass may be 
held in contact with the back of the tube 
and the level of the eye shifted till the lowest 
point of the meniscus, the graduation nearest 
to it, and the reflection of that graduation 
in the mirror are all on the same line, as 

J ^ represented in Fig. 53. A piece of stiff 

^ paper with a perfectly straight edge may be 

folded around the tube in such a manner 

that the two edges of the paper, the one 

being at the front, the other 

i''ig.53.— UBeofaMirror at the back of the tube, 

in Reading Buret and the lowest point of the 

meniscus are all in line with one another, 

A more convenient device is found in the 
Schellback burets (see Fig. 54) and pipets in which 
a strip of dark blue or black glass, and two adjoin- 
ing strips of white enamel glass are introduced 
at the back of the tube directly opposite the 
graduations. If the level of a liquid in a tube 
of this kind be observed the dark strip seems 
to contract to a point just opjrasite the meniscus, 
as shown m the sketch. If the eye is held at *''|'^^^^f " 
the proper level this becomes an exceedingly 
sharp point of reference from which to compare the graduations 
on the tube. 



^ ^ 
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Still another device employed with burets only is a cylindrical 
glass float (Fig. 55) provided with an encircling line etched on its 
outer surface. By comparing the projection of the 
plane of this circle with the graduations on the 
tube an exceedingly acctirate reading can be made. 
Unless the float is properly adapted in form and 
size to the bore of the buret, capillary action retards 
its movement as the level of the liquid changes, and 
gives rise to large errors. 

If the liquid being measured is intensely colored 

the circle formed by the uppermost points on the 

^ " k curve of the meniscus forms the most satisfactory 

^^ plane of reference with which to compare the gradua^ 

^B tioiiB on the tube. 

Error from Drainage. When a liquid is permitted 
g. 55.— Float Jo pagg out, of a buret somewhat rapidly email 
"^ "^ amounts adhere to its inner surface, and some of 
it gradually flows down and unites with the liquid still re mp,ining 
in the buret. The rapidity with which the level of the hquid in 
the buret attains its ultimate position depends upon the viscoaty 
of the solution, the area and form of the surface drained, and the 
rapidity with which the solution has been pernutted to flow from 
the tube. The viscosity depends in turn upon the chemical 
nature, concentration and temperature of the solution. In order 
to avoid errors from this source a sufficient interval must elapse 
between the time at which the flow from the apparatus is stopped, 
and the time at which the reading is made. The minimum value 
of this time interval is easily ascertained by a series of simple 
experiments. 
In the use of pipets both the drainage from the inner surface, 

Id the capillary action at the nozzle have to be considered, and a 
nite method of procedure must be adopted, both in calibrating 
TOt and in its subsequent use. The conditions which yield 
wuform results are obtained when the nozzle of the pipet 
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permitted to touch the wall of the receiving vessel while the 
[uid is flowing from it, and to remain in contact with it for 20 
inds after the main part of the liquid has been delivered; the 
mpt to blow out the few drops, which are retained by the 
nozzle as the result of capillary action, is not to be recommended. 
Error from Water in the Apparatus. It is usually necessary 
to rinse measuring apparatus with water before using and the 
amount of water retained by the apparatus may effect an appreci- 
able change in the concentration of the solution measured. The 
error can be avoided by drying the apparatus before use, but a 
more convenient method is to rinse it out with some of the solution 
which ia to be measured and discard the rinsings. The amount of 
liquid used for this purpose should be at least 10 per cent of the 
total capacity of the measuring vessel, and should be made to flow 
over the entire inner surface by repeatedly shaking or by inverting 
the apparatus. 
Error from Changes in Temperature. A change in tempera- 
affects both the size of the vessels used and the density of the 
[uid measured. The first effect ia practically constant for tem- 
■atures ranging from zero to 100°. For glass vessels of the 
lal form this so-called "coefficient of cubical expansion" has 
value 0.000025, which represents the increase in the capacity 
the vessel for an increase of one centigrade degree. 
The second effect is not constant even over small ranges of 
iperature and varies greatly with the liquid concerned; it ia 
ich greater than the effect on the containing vessel. All or- 
liquids show a large expansion as compared with water, 
xpansion of dilute aqueous solutions, such as are used in 
lost volumetric determinations, does not differ greatly from the 
tpansion of pure water. 

kThe actual error which results from the use of a piece of gradu- 
id apparatus at a temperature which differs from that at which 
has been calibrated is due to the difference between the effect 
■tine liquid and the effect on the containing vesseL It is a 
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Biraple task to calculate, from the coefficient of cubical expan^on 
of glass and from a table showing the expansion of water for dif- 
ferent temperatures, a series of factors which represent the num- 
ber by which the observed volume should be multiplied to correct 
for departures in temperature from that for which the apparatus 
was calibrated. 

Error from Variations in the Unit of Volume Employed. The 
choice of a unit of volume is determined solely by convenience, 
but it is essential that the same unit be employed in all the opera- 
tions involved in any one determination. The standard liter, 
that is, the volume occupied by a kilogram of water, when weighed 
in a vacuum and measured at a temperature of 4° is manifestly 
inconvenient. The so-called "Mohr unit" which is the volume 
of a kilogram of water when weighed in the air with brass wdghts 
at a temperature of 17.5° is more convenient, since these condi- 
tions do not differ greatly from those normally prevailing in the 
laboratory. Other units involving measurements at tempersr 
tures of 15°, 16° or 20° have been used by other chemists. The 
exact value of any of these units, in terms of absolute metric units, 
can be determined by calculating the changes in volume which 
take place when a flask containing sufficient water to counter^ 
balance a kilogram brass weight at 4° in a vacuum is heated to a 
temperature corresponding to the unit of voliune concerned, and 
when an amount of water sufficient to counterbalance the buoyant 
effect of the air, which results from allowii^ air at atmospheric 
pressure to replace the vacuum, is added. 

Much of the calibrated apparatus sold by manufacturers bears 
no mark by means of which the unit volume represented can be 
determined, and even when this is clearly designated the percentage 
error represented may be large. It is not advisable, therefore, to 

tany piece of calibrated apparatus, when the work in hand 
Hnds great accuracy, until its actual value has been ascertained 
analyst, 
book the volume occupied by that amount of water which 



iterpoises a Idlogram of brass when measured either at 15" 
iferably) at 20° are the units adopted. The factors by which 
volumes found at temperatures ranging from 10 to 25° must be 
Itiplied in order to obtain the true volume when measured in , 

I units are given in the following table : 



Temperature ol 
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1.00040 
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1.00032 


1,00109 


13 


1.00023 


1.00100 


14 


1.00012 


1.000S9 


15 


1.0 


1.00077 


16 


0.99!)S7 


I. 00064 


17 


0.99972 


1.00049 


18 


0,99956 


1,00034 


19 


0.99940 


1.00018 


20- 


0.99923 


1.0 


21 


0,99904 


0.99981 


22 


0.99884 


0.99961 


23 


0,99861 


0. 99941 


24 


0-99841 


0.99919 


25 


0.99820 


0.99897 



t. Detailed Description of Method for the Cali- 
bration OF Volumetric Apparatus 
tailing Graduated Apparatus. Carefully clean a 50 co. 1 
and two pipets, preferably of 10 and 25 cc. capacity. If 1 
nner surfaces are contaminated with a film of organic matter, ] 
■will adhere to them in streaks and drops. These impurities 1 
t be removed by rinsing either with a strong solution of 
hydroxide or with a cleaning mixture made by saturating 
ic acid of 1.6 specific gravity with sodium dichromate; in 
le cases it may be necessary to allow the apparatus to stand 
^ht in a cylinder filled with this solution. If the buret is 
Mohr type the rubber connection should be removed since 
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it is injured by contact with this solution. This connection si 
be pliable and not too long and the glass tip should have a 
round opening. The pinchcock should be strong enough to 
vent leakage even when the buret is full of water. 

Reading the Buret. Practice reading the buret partly 
with water until you can read its level accurately to a fif tietb 
cubic centimeter by the use of one of the devices describe 
page 243. Determine the minimum length of time which ] 
be allowed for drainage by filling with water to the zero point 
allowing the water to flow rapidly from the delivery tube 
its level reaches one of the lowest graduations, and noting 
changes in level at intervals of one minute from the tin 
closing the pinchcock. 

Calibration of the Buret. Weigh accurately to 0.01 gm. a 
35 cc. weighing bottle or a small beaker with a watch-^lass c( 
Fill the buret with distilled water whose temperatiure does 
differ by more than 1° from either 15° or 20°, depending i 
whether the normal temperature of the laboratory corresp 
more nearly to 15° or 20°. Raise the deliver}' tube of the b 
until nearly horizontal and while still holding in this position ( 
the pinchcock until the air-bubble, which is sometimes pres 
has been driven out then lower the delivery tube and again ( 
the pinchcock until the lowest point of the meniscus correspi 
exactly with the zero point of the buret. 

Place the delivery tube of the buret inside the weighing bo 
open the pinchcock, and allow 5 cc. of water to pass thni 
Close the bottle and weigh as before, then read and record 
exact position of the water in the buret. Continue to remove 
weigh 5 cc. portions of the water until 25 cc. have been remo^ 
Empty the water from the bottle, dry and again weigh, and t 
calibrate the remaining 25 cc. portion of the buret. 

Prepare a table, of which one column represents the weight 
water delivered between the zero point and the ten other po 
at which readings were made; a second column, the corresponc 
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readii^s; and a third column, the figures in column one diminished 
by those in column two. The figures in the third column repre- 
sent the corrections to be added or subtracted from the apparent 
readings. If any of these errors araounta to as much as 0.05 cc. 
calibrate the buret in the neighborhood of the point giving this 
error at intervals of 1 cc. 

Calibration of Pipets. Weigh to 0.01 gm. a clean and dry 
weighing bottle of about 30 cc. capacity. Suck up pure water 
whose temperature is either 15° or 20° into the 25 cc. pipet until 
the level of the liquid is above the mark on the stem. Close the 
upper end of the pipet with your finger, which should be perfectly 
drj', and then by gently releasing the pressure allow water to flow 
out until the lowest point on the curve of the meniscus corre- 
sponds to the mark on the pipet. Place the nozzle of the pipet in 
contact with the inner surface of the weighing bottle and allow 
the water to flow into it and to drain for 20 seconds. Close the 
weighing bottle and weigh to 0.01 gm. 

Calibrate the 10 cc. pipet in the same manner. 

Calibration of Flasks. Clean a 100 cc. and a 250 cc. flask and 
rinse with distilled water. Insert a long piece of glass tubing 
which is attached to a foot bellows, or other device for producing 
a blast of air, into the 250 cc. flask, hold the latter in an inclined 
position with the neck do\vn and slowly heat the body of the flask 
by means of a smoky flame rotating the flask about its axis until 
drops of moisture can no longer be recognized in the interior of 
the flask. Allow it to cool, clean the outside surface, and weigh 
accurately. 

Fill the flask with water at the standard temperature until the 
lowest point on the meniscus corresponds to the mark on the neck 
of the flask. Place on a balance designed to carry a load of at 
least 500 gm. and weigh to 0.01 gm. Subtract the weight of the 
flask from the weight last obtained to find the capacity of the 
flask. 
r Calibrate the 100 cc. flask in a similar manner. 
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III. Questions and Problems. Sbbdss 17 

1. How many absolute metric imits are there in the (20*') unit of volmne 
used in the calibrations made, assuming that the specific gravity of water aft 
20° is 0.99823, the specific gravity of brass is 8.3 and that one liter of air weigbi 
1.2 gm.? Am. 1.0028. 

2. What weight of water would you use if you desired to calibrate a Htff 
flask to represent an absolute metric imit, but found it necessary to do tbe 
work at a temperatiu*e of 20° and under ordinary atmospheric conditions? 

3. A solution which has been standardized at a temperatiure of 15^ by the 
use of a buret which was also calibrated for this temperatiure was found to 
contain 0.02 gm. of hydrochloric acid per cc; if some of this solution is meas- 
ured out of the same buret at a temperatiu'e of 10°, what weight of hydrochloric 
acid is present in each cc. as measiu*ed out? 

4. In preparing a one- tenth normal solution of silver nitrate (which shouU 
contain 0.010788 guL of Ag per cc.) 5.7 gm. of silver was weighed out, diaBobed 
and diluted to 500 cc. in a graduated flask. The solution in this flask via 
emptied into a bottle, which had not been dried and which contained Oi cc. 
of water adhering to its sides, and further 0.4 cc. of the silver solution w«i 
left adhering to the flask. If 28.36 cc. of water was added to the bottle and 
the mixtiu'e shaken, what relation would the resulting mixture bear toflfl^ 
tenth normal strength? Ans. 0.99916. 

6. The volume of water which remains adhering to a 500 cc. flask is 0.4 cc, 
how large a volume of a solution which is to be measured in it should be added 
to the flask for the purpose of rinsing it out so that the concentration of the 
original solution shall not be changed by more than one-hundredth of one 
per cent? Ans. 2.8 cc. 
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YSTEMS USED IN THE PREPARATION OF STANDARD SOLUTIONS 



The Unitary System. The general expression by means of 
vhich the result of a volumetric determination is calculated is: ^B 

Vol, of standard solution ,,,,,,„„ j_ ... H 

— ^ijT — -i — ~i — - — i — X J X 100 = percentage desired, ^| 

Wt. of sample used r o i -^ 

in which / is the weight of substance being determined, which re- 
acts with one cubic centimeter of the standard solution used. It is 
clearly advantageous to use a standard solution of such a concen- 
tration that/ is an integer. If, for example, a solution of sodium 
chloride is beii^ employed for the determination of silver, it is 
dearable to make / — 0.01, and if so each cubic centimeter of 
Sodium chloride solution must contain 

- -, ^ Mol. Wt. of NaCl . ^„ ._ 

0.01 X —7- . ...,. — (TT — , or 0.00542 gm. 

kAt. Wt. of Ag ^ 

fen when the process concerned is a complicated one, that is, 
Ivea the use of a series of reactions, the standard solution used 
><» the final titration can be made to conform to this system, which 
'an be conveniently designated as the "unitary system," If, 
'urther, the weight of sample used for the analysis is exactly one 
lundred times as great as the value of 1 cc, every cubic centi- 
meter used for the determination represents 1 per cent of the 
'Ubstance being determined, and the percentage present corre- 
'Ponds to the number of cubic centimeters used in making the 
determination. If, for instance, 1 gm. of alloy is weighed out for 
'■he determination of silver and the latter is determined by titrat- 
Hig with a sodium chloride solution containing 0.00542 gm. per 
251 
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cubic centimeter the percentage of silver in the alloy corresponds 
to the number of cubic centimeters used. 

So long as standard solutions are to be used for the determina- 
tion of only one substance the unitary system is the most con- 
venient one to employ, but it is often desirable to use such solution 
for the determination of a variety of substances, and in such in- 
stances the necessary calculations possess the desired simplicity 
for only one of the substances concerned. If, for example, the 
solution used for the determination of silver is also used for the 
determination of mercury by means of the reaction Hg2(N0s)i 
+ 2 NaCl -^ HgaCU + 2 NaNOs the value of / becomes 

It becomes necessary therefore, when this system is used, to pre- 
pare a separate solution for every substance determined; if a very 
large nimiber of determinations of these substances are to be made 
this may be a desirable thing to do, but frequently the extra labor 
involved in preparing and using the several different solutions 
more than offsets the gain in making the calculations. 

General Features of the Normal System. When the standard 
solution is to be employed only occasionally, and for the detenni- 
nation of a variety of substances, it is preferable to make use of 
the so-called '* normal system." The essential idea upon which 
this system is based is to use such concentrations that equal vd- 
umes contain equivalent amoimts, of the different reagents and 
therefore that a mixture composed of equal volumes of any two 
such solutions which react with each other will not contain an 
excess of either reagent. In order to prepare such a series of so- 
lutions it is necessary that the standard volume, usually the liter, 
should contain amounts of the active reagents which bear a simjJe 
relation to the molecular weights of the compound concerned. 
The exact value of this relation may be conveniently estimated 
by comparing the chemical acti^^ty of the molecule with that of 
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le hydrogen atom as a unit or standard. A normal solution is 
len defined as one which contains in a liter an amount of the 

tive reagent chemically equivalent to 1.008 gm. of hydrogen. 

lus a normal solution of any acid, which contains a single r^lace- 
able hydrogen atom, and which is used in a reaction involving 
simple neutralization, must contain as many grams of that acid as 
there are units in its molecular weight. A normal solution of any 
base must be equivalent to a normal solution of any acid; and 
hence, if the base contains a single hydroxyl group, the liter should 
contain an amount corresponding to its molecular weight expressed 
in grams; if it contains two hydroxyl groups it should contain one- 
half as many grams as there are units in its molecular weight. 

Where the reagent is used in a reaction involving oxidation, or 
reduction, or precipitation, exactly the same principle is used. In 
every case the oxidizing, or reducing, or replacing power of the 
molecule concerned, as compared with the oxidizing or reducing 
or replacing power of the hydrogen atom, determines the number 
by which the molecular weight must be divided to give the 
normal value. This number will be designated in this book as 
the "equivalency." Further details as to the method of compute 
ing the normal values of different reagents will be discussed as 
the different processes are described. 

rTormal Values Dependent Upon the Reaction Concerned. 
It should be especially noted that the normal value of a substance 
may vary according to the type of reaction in which it is used. 
Thus the normal value of a solution of oxalic acid is determined 
by dividing its molecular weight by two, no matter whether used 
as a neutralizing, a reducing, or a precipitating agent; whereas 
the normal value of nitrous acid is the entire molecular weight, 
when used as a neutralizing agent, but is one-half its molecular 
weight when used as a reducing reagent. Further than this the 
Bame reagent may be used in two reactions which belong to the 
same type and have a different normal value for each. Thus 
phosphoric acid may be used in reactions in which it acts as a 
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monovalent or a divalent acid; in the former ease its normal value 
is the entire molecular weight, m the latter case it is one-half Ha 
molecular weight. 

Advantage of the Normal System. Since a normal solution 
of any reagent must, according to definition, be chemically equiv- 
alent to a normal solution of any substance with which it reacte, 
every cubic centimeter of such a solution must be eqmvalent to i 
as many grams of that substance as are present in a cubic eenti- ' 
meter of a normal solution of that substance. In other words tha i 
value of 1 cc. of a standard solution, in terms of any substance with 
which it reacts, is determined by dividing the molecular weight j 
of the substance by one thousand times its equivalency. Tbe 
general expression for the calculation of the results of a volumetric 
determination, where a normal solution is used then becomes: 



Vol. of solution used , 



M 



X 100 = per cent of substance, 



Wt. of sample 1000 X E 

where M is the molecular weight and E is the equivalency of tix 
compound determined. 

The advantage of the system is most striking where the procM 
concerned is an indirect one, that is, where the method involves 
the use of a series of reactions. In such cases the usual stoichio- 
metric method requires a separate calculation, involving one 
multiplication and division, for every reaction concerned. Bj 
the use of the normal system it is possible from a mere inspection 
of the reactions concerned, to calculate the value of the solution 
being used in terms of the substance being determined, by a an^ 
division. For example, potassium bijaijratg may be determine ^ 
by dissolving in water, neutralizing and precipitating as caltiuni i 
tartrate, filtering off the precipitate and converting into cftlrfiDO 
■ carbonate by igniting in an open crucible and titrating the resuil- 
I ing carbonate with standard hydrochloric acid. The reactio" 
B involved are: 
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(1) CasKOs + KOH -^ C4H4K2O8 + HiO, 

(2) CiHJCsOs + CaCU + 4 HjO ^ CiHiCaOe • 4 HjO + 2 KCl, 

(3) 2 C4H4Ca06 ■ 4 HjO + 5 Oj ^ 2 CaCOa + 6 CO2 + 12 HaO, 

(4) CaCOa + 2 HCl -> CaCh + H^O + COj. 

An inspection of these reactions shows that each molecule of 
bitartrate yields one of neutral tartrate, one molecule of neutral 
tartrate yields one of calcium tartrate, one of calcium tartrate yields 
one of calcium carbonate and one of calcium carbonate is equiv- 
alent to two of hydrochloric acid. Since the hydrochloric acid 
contains one replaceable hydrogen atom its equivalency is one, 
hence the equivalency of the calcium carbonate is two and also 
the equivalency of potassium bitartrate, when determined by this 
process, is two. The formula for the calculation of the result of 
the determination is : 

Vol.ofaol. ^Mol.Wt.ofC^HiKO,^^-- . f„„i^p. 

Wt. of sample "^ ^XIOOO ^^^^Ver cent of C,H.KO. 

Use of Solutions Which Bear a Simple Relation to Normal 
Strength. Normal solutions are too concentrated to give the 
best results, and it is customary to prepare solutions which bear 
a ample relation to normal strength, that is, are either one-half, 
one-fifth or one-tenth normal. The results obtained by the use 
of such solutions are correctly calculated by introducing the 
factors one-half, one-fifth or one-tenth in the formula given above. 

Even where the solution has not been prepared to bear a simple 
relation to normal strength this method of calculation may still be 
employed to advantage. The relation of any solution to normal 
strength can be calculated by dividing the number of grama of 
active reagent in 1 cc. by the number of grams present in 1 cc. of 
normal solution of that reagent; or, it may be determined by 
dividing the number of grams of any substance with which 1 cc. 
reacts by the number of grams in 1 cc. of a normal solution of that 
substance. The resulting factor representing the exact relation 
of the solution to normal strength is then used in the above formula 
as the simpler factors one-half, etc. ^^^^^^ 
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SECTION VII 

VOLUMETRIC PROCESSES INVOLVING PRECIPI- 
TATION 



CHAPTER XXXVIII 

DETERMINATIONS WHICH DEPEND UPON THE USE OF A 
STANDARD SOLUTION OF SILVER NITRATE 

I. Theory Upon Which the Methods Depend 

Reactions Between Silver and Halogen Ions. The addition 
of a solution of silver nitrate to one containing a soluble salt 
of hydrochloric, or hydrobromic or hydriodic acid yields silver 
halides, whose solubilities are so small that their dissociation 
can be considered to be practically complete; further, when 
these reactions are used in volumetric analysis the concentrations 
of the soluble silver salt and of the soluble halide are so small, 
at least in the neighborhood of the true end-point, that their 
dissociation can be considered to be complete; hence the con- 
centration of the halogen left unprecipitated in these reactions 
depends upon the solubility product of the silver halide formed. 
As all three of these halides are very slightly soluble the reactions 
concerned in forming them are sufficiently complete to justify 
using them as the basis of volumetric processes. There is further, 
in dilute solutions at least, no tendency for the formation of 
complex ions or the separation of salts of abnormal composition. 

Determination of End-Points Without an Indicator. When 
silver chloride first separates as a precipitate it is finely divided 
and a very minute quantity of it can be recognized; if the solution 
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containing it is shaken vigorously the precipitate copulates, leav- 
ing a supernatant liquid which is perfectly bright and clear. Hence 
if a soluble chloride is titrated with silver nitrate and the mixture 
well shaken in a stoppered bottle after every addition of silver 
solution, the point at which the addition of a further quantity of 
solution f^ls to produce a further quantity of precipitate can be 
recognized. Under certain conditions this method of determining 
the end-point admits of a very high degree of accuracy and is 
widely used in determining the fineness of silver bullion. As it is 
a somewhat tedious method and demands skill and experience a 
less accurate but more convenient method, which depends upon 
the use of an indicator, is usually employed when the less valuable 
halogen is determined by the use of this reaction, 

Detenninatioa of End-Points With a Chromate Indicator. 
The neutral chromate of silver has an intense red color, and altho 
its solubility is small, it is decidedly greater than that of the silver 
hahdes. These facts suggest the possibility of using a solution 
of a neutral chromate as an indicator in the titration of the halo- 
gens with a silver salt. The series of reactions concerned is 
represented by 

(1) Na + CI -I- Ag -(- NOa -^ AgCl + Na -|- NOj, 

(2) 2Na + CrOi -|- 2 Ag + 2 NOj ^ AgjCrO* + 2Na + 2Nbj, 

(3) AgsCrO, -I- 2 Na + 2 CI -* 2 AgCl + 2 Na + C'rO*. 

The process evidently corresponds to the first of the two general 
cases discussed in Chapter XXV. The changes which take place 
during the progress of the titration can be readily followed by 
means of some simple calculations. 

When a very dilute solution of silver nitrate is slowly added to a 
solution containing both sodium chloride and a soluble chromate 
a very slight amount of silver solution is sufficient to produce a 
precipitate of silver chloride, that is, as soon as the concentration 
of the silver ion exceecfe the quotient obtained by dividing the 
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^B mixture, the amount of AgCl and the extent to which it is co- 

^M agulated, and the ability of the analyst to recognize slight coioi 

^P changes. 

■^ This discussion indicates that altho a relatively large amount 
of indicator should be used in the titration, moderately large 
variations in this amount produce a comparatively slight effect 
upon the final result. It is also evident that a personal factor ia 
involved in the titration and it is desirable to eliminate this as far 
as possible by standardizing the silver solution with a known 
weight of a pure chloride and making all determinations under 
exactly the same conditions as were adopted in the standardization, 
Effect of Acids Upon the Titration. Altho moderate concen- 
trations of even largely dissociated acids do not affect readjon 
(I) appreciably very slight concentrations affect reaction (2) to 
such an extent as to make it impossible to determine the true end- 
point with even approximate accuracy. This can be explained 
by considering the reactions which take place when silver chro- 
mate is treated with nitric acid, namely, 

(4) AfeCrOi + H + NOb -» HCrO* + 2 Ag + NOa, 

I (5) 2 HCK), -^ Crabr + HiO. 

Both of these reactions have been studied quantitatively. 

Icquilibrium constant for (4), that is, (HCrO^) -^ (H) (CrOt) has 

Ijtfae value 1.2 X 10^ and the equilibrium constant for (5), that is, 

pCi^Oj) -^ (HCrO*)^ has the value 74. The combined effect of 

Bhese reactions is to decrease (CrO*) by an amount which nearly 

iquals the total amount of hydrogen ion present. As the solu- 

r product of AgaCrjOT has the value 2 X 10~^ there is but 

3 probabihty that this salt will separate unless both (H) and 

) in addition to (CrOi) are large. Still another effect results 

rom the fact that Cr^Oj ions impart a red instead of a yellow color 

• Sherrill, Jour, of Am. Chem. Soc., 39, 1641 (1907). 
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to the solution and materially increase the difficulty of recog- 
nizing small amoimta of AgaCrOi. 

The presence of small concentrations of hydroxyl ions is not 
objectionable provided the solubility product of silver hydroxide 
is not exceeded. If the solution is made neutrEil toward such an 
indicator as litmus or rosolic acid no difficulty from either H or HO 
ions will be experienced. 

Reactions Between a Silver Salt and a Cyanide. When a 
silver salt is first added to a solution of a soluble (;yanide a com- 
plex ion is formed; the process is represented by 

(6) Ag + NO3 + 2 K + 2 CN -* 2 K + Ag(CN)i + NOa, 

The value of the equilibrium constant for this reaction, that is, 
Ag(CN)= -i- (Ag) (CN)* is 1 X 10^', hence the amount of silver 
left in the form of a simple ion is extraordinarily small. 

Aa the solubility product of KAg(CN)a is large no precipitate 
forme nor is there any other indication of the progress of the re- 
action. The solubility product of the salt AgAg(CN)* has the 
value 2.25 X lO""^ and as soon as sufficient silver has been added 
to complete reaction (6) a alight further addition brmga about the 
reaction 

(7) K + Ag(CN)s + A'g + NO, -^ AgAg(CN), + NO3 + K. 
Determination of End-Point in Titration of Cyanides. When 

a soluble cyanide is titrated with a silver salt the point at which 
reaction (6) has been completed and (7) begins to take place is 
shown by the appearance of a white precipitate, that is, AgAg(CN)i. 
Altho the solubility product of this salt is small it has the property 
of copulating almost at once and small amounts of it are not 
readily recognized. 

Silver iodide is less soluble and more difficult to coagulate than 
silver cyanide and when freshly precipitated an extremely small 
amoimt of it can be easily recognized. If a solution of silver 
Ltrate is added to a solution containing both cyanides and iodide 
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Bilver iodide will not separate as long as (CN) has an appreciable 
value, since the equilibrium constant for reaction (6) is 1 X 10" 
whereas the solubihty product of silver iodide has the value 
1 X 10~'^; that is, unless the concentration of the iodide ion is very 
large. When the titration has been carried to the point at which 
(CN) is extremely small (Ag) begins to increase very rapidly ami 
soon attains a value sufficient to cause either Agl or AgAg(CN)( 
to separate. As the solubility product of Agl is 1 X 10~" and 
that of AgAg(CN)j is 2.25 X 10"'^ the latter precipitate should 
not separate as long as a reasonably large concentration of soluble 
iodide is present. Experience shows that there is a very siiglit 
tendency for the separation of some silver cyanide with the iodid*. 
but this tendency is entirely suppressed by the addition of a smiU 
amount of anmionium hydroxide. This is one of the most easiiy 
recognized and accurately defined end-points known. 

Method of Preparing a Standard Silver Solution. Silver which 
is 999.5 fine can be obtained from dealers and an accurately stanil- 
ardized solution of silver nitrate can be prepared by weighing out 
the proper amount of metal, dissolving in nitric acid without loss 
and diluting accurately to the calculated volume. If the solution 
is to be used with the chromate indicator the excess of nitric acid 
used must be completely expelled or accm-ately neutralized. Com- 
plete expulsion cannot be assured unless the solution is evaporaW 
to dryness and the readual salt heated to about 198', that is, to 
the fusion point of the salt. As silver nitrate be^ns to decom- 
pose slightly above this temperature it must be heated witlgW*' 
care. 

II. Preparation and Standardization of a One-Tenth 

Normal Solittion op Silver Nitrate 

Preparation of Solution. Weigh out accurately from 5.4 to 

5.8 gm. of pure metallic silver, place in a casserole or porcclao 

cover with a watch glass, and add 20 ce. of dilute nitric arid- 

If action does not be^ to take place after a few minutes, or if it 
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becomes too slow, warm gently or add a small amount of strong 
acid. When the metal is dissolved rinse off the under side of the 
watch glass and set it aside, then place on the steam or sand bath 
and evaporate the solution to complete dryness. If the sand bath 
is used the mixture must be stirred during the later stages of the 
evaporation to avoid losses from spattering. Finally raise the 
temperature to the point at which the nitrate just fuses, noting 
that since the solubility curve terminates in the fusion curve and 
the molten nitrate forms a nearly colorless liquid this transition 
may escape recognition. The complete absence of white fumes 
when ajr is blown over the hot dish is sufEcient evidence of the 
complete removal of nitric acid. 

Allow the dish to cool, dissolve the salt in a little water and 
transfer the solution to a 500 cc. graduated flask, using the rmsings 
of the dish to dilute to exactly 500 cc. Place a cork in the flask 
and invert several times or until the mixture is homogeneous, then 
transfer to a clean glass-stoppered bottle, which has been allowed 
to drain for about five minutes. Calculate the volume to which 
the silver weighed out should be diluted to make the residual 
solution exactly one-tenth normal, that is, to make 1 cc. contain 
0.01O788 gm. of silver, and add to the bottle from a buret the- - 
necessary amount of water, then shake thoroughly. Test the 
solution with a piece of blue litmus paper for acidity; if it gives 
a perceptible reaction it must be neutralized by cautiously adding 
very dilute sodium hydroxide and the small amount of insoluble 
precipitate formed filtered off. 

Standardization. Weigh out from 0.23 to 0.2S gm. of pure 
recently dried sodium chloride into a 200 cc. Erlenmeyer flask, 
add 35 cc. of water and one of a 5 per cent solution of pure potas- 
sium chromate. Rinse out a clean 50 cc. buret with 10 cc. of 
the silver solution and discard the rinsings, then fill to the zero 
mark. 

Add the silver solution to the salt solution somewhat rapidly 
Until the led precipitate which forms temporarily disappears 
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slowly, then add it more slowly until the mixture acquires a faint 
but permanent reddish tinge. If shaken vigorously the red 
chromate of silver may separate with the silver chloride instead 
of remaining suspended. 

Calculate the weight of sodium chloride found to be equivalent 
to 1 cc. of the silver solution and divide by the weight of aodiuin 
chloride in 1 ce. of a normal solution of sodium chloride to obtain 
the normality factor. 

III. Determination of Chlorine in Kainitb 
Preliminary Statements. The mineral kainite is found in the 
Stassfurt salt deposits, and is one of the important sources of 
potassium salts. It is sometimes rep esented by the formula 
KCl • MgSOi • 6 HjO, but it rarely corresponds exactly with this, 
and furthermore is usually associated with sodium chloride and 
otiier salts. Large amounts of it are ground and used directly as 
a fertilizer. 

The Analysis. Weigh out from 0.5 to 0.8 gm. of the sample 
into a 200 cc. Erlenmeyer flask, add 50 cc. of water and titrate 
with the silver solution exactly as in the standardization. Calcu- 
late and report the percentage of chlorine present by making the 
proper substitutions in the general formula. 

IV. Determination of Chlorine in Tap Watbb 
I Preliminary Statements. The percentage of chlorine in well 
f river water varies greatly and its determination often yields 
nults which are of much significance in deciding whether a sample 
I suitable for domestic use, for irrigation or for the production 
J steam. Usually the amount present is relatively small and it 
I desirable to measure out from 200 to 500 cc. for the determina- 
The volume of silver solution required to produce a recog- 
izable amount of silver chromate is much larger than in the 
'US titrations; it can be ascertained by determining the 
' which must be added to an equal volume of distilled water, 
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to which some white precipitate auch as zinc oxide or calcium 

carbonate has been added, to yield a mixture which after titration 
shows the same color change as the sample. The white precipi- 
tate is added to produce an effect similar to that produced by the 
silver chloride in the sample. 

The Analysis. Test the sample for alkalinity by means of a 
piece of red litmus paper. Measure out exactly 250 cc. of the 
sample into a 400 cc. Erlenmeyer flask and if necessary neutralize 
hy careful addition of very dilute nitric acid. Next add 1 cc, of 
the chromate indicator and titrate with the silver solution until 
a recognizable amount of silver chromate is produced, and set the 
flask aside. Measure out 250 cc. of distilled water, add 0.2 gm. 
of zinc oxide or calcium carbonate, and titrate this mixture with 
the silver solution until it shows a color exactly equal to that of 
the sample in the flask set aside. Subtract the volume used in 
titrating the distilled water from that used in titrating the sample 
and calculate the weight of chlorine corresponding to this volume 
of silver solution. Report results in terms of grams of chlorine 
per liter of water. 

V. Detebmination op Potassium Cyanide in Com- 
mercial "Cyanide" 
Preliminary Statements. The commercial " cyanide " which 
is so largely used for the extraction of gold and silver from their 
ores consists of a mixture of sodium and potassium cyanides 
together with small amounts of carbonates, chlorides, ammonium 
salts and hygroscopic water. As sodium and potassium cyanide 
are about equaUy efiicient solvents for the treatment of gold and 
silver ores it ia customary in the evaluation of such cyanides to 
determine the total cyanogen and to calculate the corresponding 
amount of potassium cyanide. As the cyanide is extremely 
trsfgroscopie it is somewhat difficult to secure an average repre- 
sentative portion of a large sample, unless a large amount is taken 
for the analysis dissolved in water and a fractional part of the 
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flolutioD used for the analysis. Great care should be exercised ii 
handling the sample as it is extremely poisonous. 

The Analysis. Crush several pounds of the origiital sample 
imtil the particles do not exceed grains of wheat in size, place at 
once in a glass-stoppered bottle and rotate and shake the latter 
until thoroughly mixed. Add about 5 gm. of the sample to a 
weighing bottle and weigh accurately. Transfer the salt to a 
250 cc, graduated flask, dissolve in water, dilute to exactly 250 «■ 
and mix thoroughly. Remove a 25 cc. pipet full of the solution 
to a 200 cc, Erlenmeyer flask, beii^ very careful to avoid getting 
ajiy of the solution into the mouth, add 5 cc. of dilute ammunium 
hydroxide, then 2 ec. of a 5 per cent solution of potassium iodide 
and finally titrate with the silver solution until a very faint but 
permanent turbidity, due to the formation of salver iodide, appears. 
The accuracy of the determination can be increased by holding 
the flask against a black backgroimd while determining the end- 
point. Calculate the percentile of potassiiun cyanide present 
from the volume of silver solution required, noting that £ of the , 
general formula has the value one-half. 

VI. Questions and Problems. Series 18 

What volume of a one-tenth normal solution o! silver nitrate irooWb' 1 
required to saturate 100 cc. of a eolution which contained 0.3 gm. of potasBhm 
chromatc with mlver chromate, assuming that the solubiLty product of al 
chromate ia 1.70 X 10""? Atis. 0.01 « 

8. If a standard solution of silver was used to titrate a solution contsisioi 
bromine ions, what concentration of potassium chromate ahould be preseO' 
in order to cause silver chromate to separate as soon as an equivalent wnoU"' 
of silver nitrate had been added, assuming that the solubility product of ailw 
bromide was 0.49 X 10-"7 Ans. 3.5 X Iff, which is impoesible. 

3. It solid silver nitrate was added to 100 cc. of a solution, which ««■ 
tained 0.2 gm. of potassium chromate and 1.64 gm. of sodium acetate, wlw' 
weight of silver nitrate would have to be added before silver acetate ffouM 
begin to separate, assuming that the solubihty product of silver acetate wM 
^.48 X 10~^ and that all the salts conconed were comi^etely dissociated! 
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4. The concentration of the chlorine ion in a solution which is saturated with 
AgCl and which haa a volume of 100 ec. is 1 X 10"*; what volume of a, one- 
tenth normal solution of silver nitrate would it be necessary to add in order 
to reduce the concentration to 1 X 10"*? Ane. 0.!9 cc. 

6. Calculate the solubihty product of lead iodide, aaauming that its solu- 
bility is 0.44 gm. per titer. 

6. A solution of silver nitrate contains exactly 0,015 gni. of AgNOa per 
cc, and 24 cc. ot it are required to precipitate the chlorine in 0.5 gm. of a 
sample which contains BaCls-2HaO; calculate by the general formula the 
percentage of this salt present. 

7. It is found that 30 cc. of the solution referred to above are needed to 
ipact with the cyanide in 0.7 gm. of a sample which contains Ca(CN)i; cal- 
culate in a like manner the percentage of this salt present. 

8. The volume of tenth normal sUver solution used in titrating 0.5 gm. 
of a sample ot kainite is 35 cc; if one drop (0.04 cc.) of this volume is used 
in producing a recognizable amount of AgsCrOj, what percentage error and 
what departure from the correct result does it cause? 

9. If the results obtained for the determination of potassium cyflnide ia 
commercial "cyanide" exceeded one hundred per cent, what explanation 
might be suggested? 
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INBTESlfniATIOll OP ZHf C BT MEAHS OF A SOLUTIOH OF 



I. Theobt JJvos Which the Method Defends 

The Reaction Concemed. When a dilate scduticm ol potas- 
sium f errocyanide is slcndy added to a scdutiQii ol a zinc salt a 
flocculent precipitate of a bluish color separates, but a p(»nt 
is finally reached at which the iNreci|Mtate beccHnes pulTenilent 
and pure white. The precipitate finally obtained contains both 
potassium and zinc, the relative amounts of which may vary 
according to the conditions under which the precipitate s^Miates. 
It is not known whether a double ferrocyanide of zinc and potas- 
sium is formed or whether potassiimi ferrocyanide is adsorbed by 
the zinc ferrocyanide which first separates. 

In demising a method for the determination of zinc based upon 
this reaction it is necessarj' to adopt certain standard conditions, 
and a preliminary' study of the manner in which varying condi- 
tions affect the reaction is a necessary- prerequisite to the intelli- 
gent use of the reaction. Under the conditions which are here 
adopted the reaction is represented with approximate accuracy by 

(1) 2 K4Fe(CN)6 + 3 ZnCU -> K2Zn3[Fe(CN)6]2 + 6 KCl. 

Determination of the End-Point. When a soluble ferrocya- 
nide is added to an iron salt a deep blue, or when added to a salt 
of copper, cobalt or uranyl a deep red-brown, precipitate sepa- 
rates. It is possible to recognize a smaller amount of a soluble 
ferrocyanide by means of a uranyl salt than of the other salts 
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mentioned, and these salts form the best indicatorg for this titra- 
tion. The reaction with a uranyl salt is probably represented by 

(2) 2(UOi)(C2HsOj)2 + K4Fe(CN}e-*(UOj)sFe(CN)e 

+ 4K(C2HaOi). 
If a solution of potassium ferrocyanide is added to one which con- 
tains approximately equivalent concentrations of salts of both zinc 
and uranyl both reactions (1) and (2) can be shown to take place, 
and further, if a solution containing zinc and potassium chlorides 
is added to a solution wliich contains suspended uranyl ferro- 
cyanide the latter is not affected. This indicates that the factor 
which determines the completeness of the reaction 

(3) 2 (U0j)=Fe(CN)8 + 3 ZnCIt + 2 KCl -> ZnjK2[Fe(CN)6]2 

+ 4 {UOs)Cls 

has a comparatively Small value or that the velocity is small. On 
the other hand, reaction (3) does not proceed in the reverse direc- 
tion, at least when the time allowed is short, and a solution of a 
uranyl salt can be used to test a solution which is being titrated, 
for potassium ferrocyanide, since the addition of a uranyl salt 
will not produce a precipitate of uranyl ferrocyanide unless an 
excess of potassium ferrocyanide is present. In using a uranyl 
salt as an indicator, however, it is necessary to remove portions 
of the solution from time to time durir^ the progress of the 
titration and bring it into contact with a drop of the indicator 
solution. 

Since it may be necessary to make a large number of these tests 
before the true end-point is reached, and since that portion which 
is removed cannot be returned to the main solution ivithout pro- 
ducing a permanent precipitate of uranyl ferrocyanide the total 
amount of zinc taken out may represent a rather large error. 
This error is small if the analyst has an approximate idea of the 
total amount of zinc present and can safely add sufficient ferro- 
pyanide to precipitate most of the zinc before beginning to test 
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the solution. When the amount present is entirely unknown it 
becomes necessary to divide the solution into a number of frac- 
tional parts and use one of these for an approximate determina- 
tion, that is, to titrate by the addition of 1 or 2 cc. of the standard 
solution at a time; a second portion is then titrated to within 1 or 
2 ce. of the required amount at once and completed by the addition 
of 0.1 ce. at a time. This method of determining an end-point 
which involves the use of an "outside" indicator is necessarily 
tedious but is the bei*t method known for this titration. 

It is found that from 0,5 to 0.7 of the ferrocyanide solution 
usually employed must be added to 200 cc. of water before a clearly 
recognizable test is produced with the indicator. If all titrations 
are made with the same volume of solution the error from this 
source is constant, and if all the solutions titrated contain the 
same amount of zinc the error bears the same relation to the total 
amount of zinc represented. Suppose, for example, the ferro- 
cyanide solution is standardized, by titrating a solution which con- 
taioB 0.150 gm. of zinc and has a volume of 200 cc, and that 30 ee, 
are required to react with the zinc. The total volume of solution 
required would be 30.5 cc. and the apparent value of each cubic 
centimeter 150 -^ 30.5, or 0.004918. If now this solution is used 
to titrate a zinc solution which has a volume of 200 cc. and 
contfuns 0.05 gm. a volume of 10.5 cc. would be required and 
the calculated amount of zinc would be 10.5 X 0.004918, or 
0.0516 gm. That is, an error of 1.6 mg. results, which would 
have been avoided if 0.5 cc. had been subtracted, from the vol- 
umes of ferrocyanide solution used in the two titrations. 

Effect of Varying Temperature Upon the Process. In the 
experiments, the results of which are recorded below, a zinc solu- 
tion containing 0.005 gm, of zinc per cc, was titrated with a ferro- 
Inide solution containing 21,6 gm. of K4Fe(CN)6' 3 HjO per liter 
trying temperatures. 
results show that altho the ratio between the volume of 
ion used, and the volume of ferrocyanide solution n 
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let with it, decreases when the temperature ia increaaed from 
100° it is constant between 45° and 80°. In the practical 
)f this method it is very desirable to adopt among other 
lard conditions, a temperature at which the ratio is as nearly 
■ant as i)09able, since it is not always convenient to maint^n 
iicular temperature thmout an entire titration. It should 
36 noted that at 20° it is much more difficult to recognize the 
end-point than at any of the higher temperatures. A tem- 
,ure of 80° can be advantageously adopted for one of the 
lard conditions. 

tect of Varying Concentrations on the Process. The effect 
irying the concentration of the zinc sa!t, while maintaining 
same concentration of hydrochloric acid and ammonium 
ide, is shown in the results of the experiments recorded in 
iCiUowing table : 



1.25 12,5 

2.50 56.0 

3.75 97-5 

5.0 140.0 

7.50 225-0 



29.5 
29-70 
29.76 



dight increase in the volume of ferrocyanide solution uaed 

[ncreasing dilution is undoubtedly due to the larger amount 

jcyanide required to produce a sufficient concentration of 
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the latter to yield a recognizable test with the uranyl indicator. 
There is no reason to believe that the ratio here concerned varies, 
provided the concentration of the other reagents remains constant. 
Convenience alone should therefore determine the best volume 
to use for the titration. Since in the actual application of the 
method the zinc must usually be separated from other metals and 
a large volume of solution is necessarily obtained a volume of 
200 cc. is a desirable standard to adopt. 

Effect of the Hydrogen Ion on the Process. In titrating a 
solution of a zinc salt with a solution of a ferrocyanide the end- 
point is much more accurately determined when the solution con- 
tains a small amount of acid than when perfectly neutral. The 
presence of sufficient acid also assists in bringing about the change 
from a blue flocculent to a white pulverulent precipitate, which is 
a desirable feature. Further, when lead is present in the zinc solu- 
tion the presence of sufficient acid suppresses the formation of 
insoluble lead ferrocyanide, and makes it possible to titrate zinc 
in the presence of this element. 

The effect of varying concentrations of hydrochloric acid on the 
titration is shown in the following table: 



ZnClt sol. 


(NH4)C1 


HCl (cone.) 


H,0 


Temp. 


K«Pe(CN), iifwd 


cc. 


gm. 


cc. 


cc. 


Degrees 


cc. 


30 


5 





145 


80 


d=29.4 


30 
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144 
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d=29.8 
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80 


29.90 


30 
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10 


135 


80 


30.10 


30 
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25 


120 


80 


31.50 


30 


5 


50 


95 


80 


32.90 



These results show a gradual increase in the volume of ferrocyanide 

solution required for the same amount of zinc with increasing 

ncentration of acid altho the rate of increase is not large. Both 

^ large and very small amounts of acid greatly increase the 



I DETEIRMINATION OP ZINC" 273 

difficulty of obtaining accurate end-points and indicate the de- 
arability of adopting for one of the standard conditions 5 cc, of 
the acid for each 200 cc. of solution. 

Preparation and Standardization of the Solution. This 
method is very widely used for the determination of zinc in ores 
and alloys, and it is found desirable to make 1 cc. of the ferro- 
cyanide solution used equivalent to 0.005 gm. of zinc, that is, to 
prepare it according to the unitary rather than according to the 
normal system. Under the conditions already adopted as stand- 
ard, that is, where the temperature at the beginning of the titration 
is 80°, the volume before titration is 200 cc, and where 5 gm. of 
ammonium chloride and 5 cc. of concentrated hydrochloric acid 
are present it is found that a solution of potassium ferrocyanide 
containing 21.6 gm. of the crystallized salt per liter will precipitate 
0.005 gm. of zinc per cc. The exact value of the solution should 
be determined by titrating against a known amount of zinc. 
Either pure metallic zinc or pure zinc oxide, which has been 
recently ignited to convert any zinc carbonate which it may con- 
tain into zinc oxide, is used for the standardization. 

The ferrocyanide solution is not a very stable one and may show 
an appreciable change in standard even after standing for a week, 
which necessitates frequent restandardization. An appreciable 
tendency for the ferrocyanide to change into ferricyanide, which 
results in less clearly defined end-points, is also recognizable. 

II. Application of the Method to the Analysis of 
Zfnc Ohes 

Preliminary Statements. Most of the important ores of zinc 
Kintaiu that element as sphalerite (ZnS) or smithsonite (ZnCOj), 
both of which are easilydissolved by concentrated hydrochloric acid; 
incertain classes of ores it is present as calamine (ZnaSiO* ■ HjO), 
which is but slowly or imperfectly decomposed by treatment 
with acids and such ores must usually be fused with some 
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ba^c substance such as sodium carbonate to render them eamly 
soluble. 

All claasee of zinc ores invariably contain silica or insoluble al- 
icates, iron in the form of pyrites, and very often lead, copper, 
cadmium and manganese, also, as sulfides. As the zinc in such 
mixtures is frequently intimately associated with the other sul- 
fides it is usually necessary to decompose thrae minerals, also, in 
order to insure complete solution of the zinc, which necessttatee 
treatment with nitric as well as hydrochloric acid. 

Separation of Zinc in Simple Ores. When the ore does not 
contain copper or cadmium, and where the percentage of iron is 
small as compared with the zinc, the latter can be separated witi 
a sufficient degree of accuracy for the ferrocyanide titration by 
the use of anmionium hydroxide and bromine. The separation 
of zinc from iron by the use of ammonium hydroxide is unsatis- 
factory, owing to the occlusion of zinc by the ferric hydroidde 
precipitate, but where the total amount of iron does not exceed 
0.1 gm. a double precipitation usually suffices to give a satis- 
factory separation. Manganese if present in small amoimts is 
usually completely precipitated with the iron as the dioxide, if a 
moderate excess of bromine water is also added. The excess of 
bromine thus added to the zinc-containing filtrate must, however, 
Lbe driven off by evaporation before titration with the ferrocyanide 
olution, as it readily oxidizes ferrocyanide to ferricyanide. 

, Outline of Method for the Preparation anb Stand- 
ardization OF THE Ferrocyanide Solution 
Preparation. Weigh out 21.63 gra. of crj-stallized potaa^um 
" rrocyanide, dissolve in water and dilute to 1000 cc. 
Titration of a Known Weight of Zinc. Ignite about 2 gm. of 
e zinc oxide in a pl^itinum or porcelain crucible for 20 minutes 
"at a good red beat and then allow to coo!. Weigh out 0.25 gm. 
' the ignited oxide into a 400 cc. beaker, add 10 cc. of dilute 
Ixochloric acid and warm uotil dissolved. Neutralise the 
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laolution with ammonium hydroxide, add 5 cc. of concentrated 
r hydrochloric acid and then dilute to 200 ee. Heat the solution 
thus obtained to 80° and add somewhat slowly 38 cc. of the ferro- 
cyanide solution. Complete the titration by addmg the ferro- 
cyanide solution in quantities of not more than four drops at a 
time, and after vigorous stirring bringing a drop of the mixture 
into contact with a drop of a 5 per cent solution of uranyl acetate, 
which has been previously placed on a white porcelain plate or a 
sheet of glazed white paper. The drop of solution taken for the 
test should be mixed thoroughly with the drop of indicator, but 
the rod should be wiped or rinsed off before it is again placed in 
the solution which is being titrated. The true end-point represents 
the point at which a slight but clearly defined brownish tinge can 
be recognized with certainty. The intensity of the color finaUy 
adopted as the true end-point should be carefully noted, and all 
subsequent titrations should be carried to the same color shade. 
As the intensity of this color increases on standing, an effort should 
be made to allow the same time interval to elapse between the 
first admixture of the two drops and the final decision as to whether 
the end-point has been reached. 

Determination of Excess Required for the End-Point. To a 
second beaker add 10 cc. of dilute hydrochloric acid, sufiicient 
ammonium hydroxide to neutralize it and then 5 cc. of concen- 
trated hydrochloric acid. Dilute the mixture to 240 cc, heat to 
80° and titrate with the ferrocyanide solution as before, noting 
that the absence of the whit« potassium-zinc ferrocyanide precip- 
itate may decrease slightly the excess of ferrocyanide required to 
produce a color shade as intense as that adopted in the previous 
titration. 

Calculation of Value of Ferrocyanide Solution. Subtract the 
volume of ferrocyanide solution used in this titration from that 
used in titrating the zinc solution. Calculate the weight of zinc 
equivalent to the zinc oxide weighed out and divide by the volume 
(corrected) of ferrocyanide solution used. 
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IV. Outline of Method for Determination of Zinc i 
Ore Which Contains Neither Copper nor Cadmicm 

Decomposition. Weigh out 1.5 gm. of the finely ground 
sample into a 200 cc. beaker, add 10 cc. of concentrated hydro- 
chloric acid, cover with a watch glEiss and warm gently until 
violent action ceases and hydrogen sulfide is no longer given oS. 
Add 5 cc. of dilute nitric acid and again warm to msure complete 
decomposition of pyrite, which might otherwise retain some zinc, 
and also to effect complete oxidization of all the iron present. 
After violent action ceases remove the watch glass and evaporate 
almost to complete drj-ness, but avoid a temperature in excess 
of 100°. 

Separation of the Zinc. Add to the residue 10 cc. of concen- 
trated hydrochloric acid, slowly heat to the boiling point and then 
add 50 cc- of water. Heat the solution to the boiling point, add 
a moderate excess of ammonium hydroxide and then 10 ce. of 
bromine water and keep near the boiling point for about 5 minutes. 
Allow the precipitate of iron, manganese and gangue-matter to 
, then filter thru a small filter receiving the filtrate into a 
:. graduated flask, allow to drain and wash 4 times mlh 10 cc. 
)ns of water. Replace the graduated flask by the beaker 
t emptied and pour over the filter sufficient warm dilute hydro- 
c acid to change all of the ferric hydroxide into ferric chloride, 
wash the filter free from iron. Dilute the solution in the 
T to at least 50 cc, heat to boiling and again precipitate with 
tonium hydroxide and bromine water ; filter and wash as before, 
g the filtrate in the graduated flask previously used. Add 
Edent hydrochloric acid to this solution to make it slightly acid. 
I Division of Zinc Solution. Cool the solution in the Sask to 
e temperature of the room and dilute with water until the liquid 
les the mark on the neck of the flask. Place a stopper in the 
' the flask and mL\ its contents thoroughly by invertii^ the 
shaking vigorously several times. Rinse out a 50 
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pipet with some of the zmc solution and discard the solution thus 
used; then measure out two 50 cc. portions of the solution into 
400 cc. beakers. 

Titratioa of Zinc. Add to each of the 50 cc. portions of zinc 
solution 5 cc. of concentrated hydrochloric acid and dilute to 200 
cc. Heat one of these solutions to 80° and titrate with the ferro- 
cyanide solution adding 10 cc. before making the first test and then 
1 cc. portions successively until an end-point is reached. Heat 
the second zinc solution to 80° and titrate with the ferrocyanide 
solution, adding 1 cc. loss than the total amount used in the pre- 
vious titration before making the first test and then -^ ce. portions 
successively until an end-point is reached. Calculate the per- 
centage of zinc present. 

V. QTmBTTONS AND PbOBLEUS. SeRIES 19 

1. Wiat ia the replacing power and the normal value of potaasium ferro- 
cyanide, when used to determine zinc by the reaction given on page 268? 

2. In titrating a solution which has a volume of 200 cc, and contains 0.150 
gta, of zinc 30 cc. of ferrocyanide solution are required to precipitate the zinc 
Bsd 0.5 cc. to give an end-point with the solution; if 20.5 cc. are added before 
any testa are made with the indicator and then a test is made (necessitating 
tie removal of 0.04 cc.) after each successive addition of 1 cc. portions of Bolu- 
tioii, how large a volume of ferrocyanide solution would actually be used in 
making the titration? Ann. 30.49 cc. 

3. Should the deUcacy with which the end-point is recognized be affected 
by the size of the drop removed for the teat, asauming the volume of indicator 
used is not changed? 

4. Explain the action of (NH,)HO and (NH,)C1 in the separation of iron 
from zinc. Could any other reagent be substituted (a) for {NH,)HO, (b) for 
(NH.)C1? 

0. Outline a method for the determination of zinc in an ore which also 
coatains copper and cadmium. 
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Tlie g c M LOona CanoecmL Jl largsr number of proccsBes, 

*¥mca iepend ipon ^e i&e ^n 2 scaoilard :»lu]ai}BL of aa arid or a 
b;»iee. ^jkre ineiuded in :iii& ^roup: the nuist importiaBt are based 
•ipon reactioii& "^hiea invoive smple iieutniBa a t M L. As Aom 
on pAgie 58 the •^uiiibnum aoiistaat& of sueiL cettetioBS can be 

calcmaceti by ii^'^iding :he product ot ka^ xbsi dasmaatiaam coostaat 
■if 'he aeid, and -jo. The iisgoeiadon 'n)iistaiit; of tinf base, by he, 
-.he iis^jL-iatiuQ ^jn^ant je .vater. Since kw ba& & fixed value 
ixiixi stnu**^ -either •:a jr :o :an be made 3^ greac at$ one by isiog a 
-jtr'jQg acid ■ jr bast, fur :he scandani solution employed, the equilib- 
riiiiii .x)DStanL A -juth reactions is large in proportaon ag the dis- 
•jociarion ^jiistant a the acid or base being titralied is large. 

A secomi -*ries :•£ pnjcesses of this group is based upon reactions 
invrjr.'ing :he iispiacement -^f a weak acid or base firom its salts 
by a ->trong acid or base. It has been shown on page 60 thai the 
coiL^tani: :rjr such reactions can be calculated by dividing the cfis- 
-jociatiun ronstant jf :he stnjng acid or base used by the cfiaeocia- 
tion '.Mjnstant 01 the weak acid or base of which the salt is fonneA 

The End-Points of Processes Involving NentcalixKtiioii. The 
tnie ^md-puint (jf a titration in which a standard sohition of a base 
is added to an acid corresponds to the point at which an equhraknt 
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imount of the base haa been added, that is, the point at which 
the ratio of the base added to the acid present equals 1. This 
ratio is leas than 1 if an insufficient amount of base has been 
added, and exceeds 1 if an excess has been added. The con- 
centration of the hydrogen ion in such mixtures depends upon the 
value of this ratio, the value of the equilibriiun constant and the 
concentration of the solution. It can be calculated if all of these 
values arc known. 

Suppose, for example, we titrate 50 cc. of a 0.2 molar solution of 
an acid, whose dissociation constant is 10~^, with a 0.2 molar solu- 
tion of a strong base such as potassium hydroxide. The constant 
for the reaction which takes place has the value 1 X 10~° h- 10~'* 
= 10'^ Let US calculate (H+) after 48 cc, of base have been 
added. 

The total concentration of base added is 0,2 X !l = 0.098, 
that of the acid added is 0.2 X SI = 0.102, Let x represent the 
fraction of the base which remains free and (1 — x) the fraction 
which combines with the acid. Then (0.098) x represents the 
concentration of base left uncombined and 0.098 {1 — x) the con- 
centration of base which combines with the acid; this is also the 
concentration of the acid which combines with the base and that 
of the salt formed. Then 0.102 - 0.098 (1 - x) represents the 
concentration of the acid left uncombined. The law of mass 
action requires that 

(HA) . (KOH) . K = (KA) • (HjO). 

Making the proper substitutions and remembering that the con- 
centration of water is practically constant, and can be disregarded, 
we obtain: 

(0.098 x) (0.102 - 0.098 + 0.098 x) (10^) = 0.098 - 0.098 X, 

or r' + 4.08X10-*a: = L02 X 10"" - 1.02 X 10-» a:, 

from which a: = 3 X 10-'^ and 0.098 a; = 3 X 10"". 
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Since the dissociation of the base at this concentration is practt- I 
cally complete 3 X I0~" also represents (HO") and hence (H*) I 
must have the value 10"" -^ 3 X 10-", or 3.3 X 10"*. 

In a similar manner the value of {H"*"} after 49, 49.5, 49.7, 49.9, i 
50, 50,1, 50.3, 50.5 and 51 cc. have been added can be calculated 
The results of these calculations are represented graphically in 
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Fig. 56. — Currea Showing Changes in (H) in the Titration ot Aciifl 

e second of the series of curves of Fig. 56, in which the ordinatea ' 

^present the common logarithms of (H"*") and the abscissas the 

■atio of base to acid present in the mixtures. It shows that the 

tehange in (H+) associated with small changes in the value of thjp 

ratio is very much greater in the neighborhood of the point at 

Jrhich this ratio has the value one, than at those points at which 

t is slightly greater or less than one. The curve also shows that 

en this ratio has the value I, (H+) has the value 3.16 X 10"' 

d of the value lO"', which it would have if the solution v&te 
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perfectly neutral. This is due to the fact that the dissociation 
constEmt of the acid is less than that of the base and therefore 
the hydrolysis of the salt formed yields a solution in which (H+) 
is less than 1 X lO"'. 

If next we calculate a similar series of values for titrations in 
which acids having dissociation constants of 1, lO^S lO"", lO""' 
and 10"'" are titrated with a strong base, and plot the results as 
before, we obtain the series of curves represented in the same figure. 
They show that the ratio of the change in {H+) to the change in 
ratio of base to acid decreases as the dissociation constant of the 
acid decreases, even in the neighborhood of the point at which the 
ratio of base to acid is one. When the dissociation constant of 
the acid is 10~"' the curve shows no inflection at this point and the 
total change in (H"^) resulting from a very large change in the 
ratio of base to acid is extremely small. The curves also show that 
the value of (H+) when this ratio is 1 differs from 10~^ in pro- 
portion aa the dissociation constant of the acid is reduced. 

If the method just used is employed to ascertain the changes 
in (H0~) which take place when a series of bases are titrated with 
a strong acid, it will be found that the changes in (H0~) resulting 
from a change in the ratio of acid to base have a maximum value 
in the neighborhood of the point at which the acid to base ratio 
is one, and are large in proportion as the dissociation constant of 
the base is large; also that the value of (H0~) at the point of 
which this ratio is one differs from 10~^, in proportion as the 
dissociation constant of the base is reduced. 

The End-Points of Processes Involving Displacement. The 
value of (H+) in a mixture obtained by adding a strong acid to a 
salt of a weak acid depends upon the ratio of the acid added to 
tiie salt present, the value of the equilibrium constant and the 
concentration of the solution; it can be calculated if these values 
are known. 

Let us assume that a 0.2 molar solution of hydrochloric acid is 
added to 50 cc, of a 0.2 molar solution of the potassium salt of an 
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acid whose dissociation constant has the value 10-'". Since the 1 
dissociation constant of hydrochloric acid can be represented by 1 | 
the constant of the reaction is 1 -^ 10"'°, or lO'". 

Let us first calculate (H+) after 48 ce. of strong acid have been 
. added. The total concentration of this acid is 0.2 X U = 0-098 
and that of the potassium salt is 0.2 X gg,or0.102. If ar represents 
the fraction of hydrochloric acid left uncombined, 0.098 x must 
represent the concentration left uncombined, 0.098 (1 — £) the 
concentration of weak acid formed and 0.102 -- 0.098 (1 -z) 
the concentration of the potassium salt left uncombined. By 
making the proi)er substitutions in the expresaon representing 
the reaction we obtain 
■ {0.098 a;) (0.102 - 0.098 + 0.098 x) (10'«) = [0.098 (1 - 1)]=. 

^1 When this expres.sion is solved for x it is found to have the value 
■^2.5 X 10-» and 0.098 X is 2.5 X lO"'". The total value of (H+} Sb 
the sum of that due to the dissociation ot the hydrochloric acid, 
which is 2.5 X 10"", plus that due to the weak acid liberated. 
The total concentration of the weak acid liberated is 0.098 (1 - 1), 
which can be calculated to yield a concentration of hydrogen ion 
^^ ^+j of 3.2 X 10-^; hence the 


-a 

y 










1 






i 1 


loiai vaiue 01 txi j is u.i 1 






















-hi. 












-^_;_ 




Ti- 


The value of (H+) after 
49,49.5,49.7,49.9,50,50.1, 
50.3, 50.5, and 51 cc. of acid 








































1 
































1 \ 


■ 












1 






\ 1 


y 

■iisa 

L 


57. — Curves Showing Changes in (H 
in the Titration of Salts 

iwiation constants of the liberal 
and 10"*, are represented in th 
'h the ordmates represent the 


calculated ma similar man- 
ner. The results of these 
calculations, also of amilar 
calculations in which the 

cd acids have the values 10"*, 
series of curves of Fig. 57 in 

logarithms of (H+) and the 
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i the ratio of acid added to the salt present. They show 
!hat the rate at which (H+} changes in the neighborhood of the 
true end-point, that is, where the ratio ia 1, is large where 
k — 10"'", is quite large where k = 10~*, ia very small where 
fc = 10~', and is scarcely recognizable where fc — 10~^; also, that 
(H''") at the true end-point ia much greater than 10"' even where 
k = 10-'°. 

Methods Used for the Recognition of End-Points. The end- 
points of titrations which depend upon reactions involving either 
neutralization or displacement can be recognized by any device 
which indicates with sufhcient accuracy the changes in {H+) durb^ 
the titration. The value of (H+) can be measured directly by a 
method which involves the determination of the electromotive 
force between two hydrogen electrodes, one of which is placed in 
the solution being titrated, and the other in a solution contain- 
ing known concentration of hydrogen ion.* 

Advantage may also be taken of the fact that the rate of change 
in (H*) ia associated with a change in the conductivity of the 
mixture, and it is often possible to determine the true end-pointa 
by measuring the conductivity of the mixture durii^ the titration. 
Both methods require the employment of elaborate and costly 
apparatus and have not been very largely used. The method 
commonly employed depends upon the use of certain organic 
ts, which undergo pronounced color changes when {H+) 
s thru certain definite values. 
Reactions of the Indicators Used. The indicators used for 
this clasa of processes are very weak acids or bases and form salts. 
The structural fonnulaB assigned to the salts of some of these 
indicators differ from those of the corresponding free acid or base, 
that is, the formation of salts is associated with a change in the 
position of one or more atoms in the molecule, and two "tauto- 
meric" forms of the indicator must be assumed to exist. For 
example, the neutral and acidic solutions of the indicator phenol- 
* Jour, ot Am. Chem. Soo., 35 {1913). 
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phthalein, which is a very weak dibasic add,* are odoileas, but 
become deep red upon the addition of a small amount of base. It 
seems probable that the color of the solution is due to the presoice 
of a divalent ion which contains the group =CeH4=0. This 
group is known to impart to solutions of compounds oantainingit 
a red color, and is known as a "chromophore." The free acid on 
the other hand does not contain this or any other chromophore, 
and for this reason neutral or acidic solutions of the indicator are 
colorless. The transformation of a colorless into a colored solu- 
tion involves two separate processes. The first of these involves 
an equilibrium expressed by 

(C6H4HO-C8H4O2-C6H4HO) ifci = (CeH4HO-C8H6O,=CeH4=0) 

The second involves the ionization of the indicator, which takes 
place in two stages and depends upon two sets of equilibria, 

namely : 

(C6H4HO-C8H6O2=C6H4=O)ifc2=(C6H4HO-C8H4O. = C6H4 = 0)(HJ 



and 

((yT4nO-C8H4O2 = C6H4==O)A:3=(C6H4O--C8H4O2 = C6H4 = 0)(H) 

If we multiply the three equations together and simplify the 
resulting expression we obtain 

, , , ^ (H)^ (C6H4O - C8H4O2 = C6H4 = 0) 
/.•i./C2.A:3 0r A (C6H4HO - C8H4O2 - C6H4HO) 

The value of K can be determined experimentally. If we compare 
the intensity of the color of a solution containing a known con- 
centration of the indicator and of hydrogen ion, with the intenat)' 
of the color of a solution containing the same concentration of 
indicator in addition to sufficient base to change all of it into the 
chromophore-containing ion, we can determine the fraction of 

* Jour, of Am. Chem. Soc., 34, 1128 (1912). 
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indicator transformed into the colored form. If we represent 

this fraction by x the above expression becomes ^B 

from which the value of K can be calculated. 

This expression can be used to determine the value of K for any- 
dibasic indicator, whose color is due to the divalent ion only. The 
corresponding expression for any monobasic acid differs from it 
only in that (H+) replaces (H+)^ The value of ff is a numerical 
expression of the most important property* of this class of indi- 
cators, namely, their tendency to undergo a color change in the 
presence of a definite concentration of hydrogen ion. It is known 
as the "indicator constant" and mil be referred to frequently in 
discussing the use of this class of indicators. 

It has not been shown that all indicators of this class undergo a 
tautomeric transformation. If there are indicators of this class 
which do not undergo such changes the color change is due to 
dissociation alone, and the value of K must then equal the value 
of the dissociation constant of the indicator. If, however, the 
value of iC is always ascertained by the method outlined, the theory 
of the cause of the color change is of no significance. 

The Titration of Acids Using an Acidic Indicator. The gen- 
eral theory of indicators outlined in Chapter XXXV can be used 
in discussing these titrations. The factors which determine the 
completeness of the reactions concerned are the value of the indi- 
cator constant, and the dissociation constants of the acid and 
base used. 

Let us assume that acetic acid (fe = 1.8 X 10^*) is being titrated 
with potassium hydroxide (fc = 1), and that para-nitro-phenol, 
which is a monobasic acid indicator whose constant has the value 
iO~', is used. If we disregard the tautomeric changes which this 
indicator may undergo the reactions concerned are expressed by 
• Noyea, Jour, of Am. Chem. Soc., 38, 816 (1910). 
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(1) CJIiO(HO)+KOH^CH30(KO)+ H,0, 

(2) C,H4(NOj)CHO)+KOH-*CJl4(N02)KO + H20, 

(3) Cai,(NOj}KO+CjH,0(HO)-» QH4(NO,)HO+C^H3OCK0}. 

Since acidic solutions of the indicator are colorless while basic solu- 
tions are yellow the appearance of the end-point here depends upon 
the concentration of the CjHiNOsO ion, and the process corres- 
ponds to the first of the two classes discussed in Chapter XXXV. 

The value of K for (1) is 1 X 1.8 X lO"" -^ 10^" = 1.8 X 10'. 

The value of K for (2) is 1 X 10"' -MQ-" = 10'. 

The value of K for (3) is 1.8 X 10"' ^ 10"' = 1.8 X 10". 

The values of K for (1) and (2) are sufficiently large, that for (3) 
is too small, that is, this reaction is sufficiently reversible to make 
it probable that a recognizable amount of the chromophore-con- 
taining ion may be formed before all of the acetic acid is neutral- 
ized. If a more weakly acidic indicator, such as one for which 
k = 10-'" is used, K for (2) would have the value 10^ and for (3) 
1.8 X 10'- In this case there is greater danger of an error from 
e reversibility of (2) than of (3), that is, it might be necessary to 
an appreciable excess of the titrating solution to produce a 
ible amount of the chromophore-containing ion. The 
cator which could be used would have a constant ol 
-^^ since K for both (2) and (3} would then have the 
■ X 10*. 

*c\ission makes it clear that in the titration of acids with 

indicator the constant of the indicator used must be 

compared with the dissociation constant of water, but 

i with the dissociation constant of the acid being 

iher, if an indicator whose constant has a certain 

, the probability of obtaining a deferred end-point 

land and of a premature end-point on the other is equal. 

on of Bases with Acidic Indicators. Let us assume 

I hydroxide (k = 1,8 X 10"'') is titrated with hydro- 




CffiNERAL THEORY OF NEUTRALIZATION PROCESSES 287 

chloric acid (k = 1) and that paramitro-pbenol is again used as 
the indicator. This titration corresponds to the second of the two 
cases discussed in Chapter XXXV. The reactions concerned are 

(4} (NH4)HO + CbHi(N02)HO-*C(H4(N02)(NH4)0 + HA . 

(5) (NH4}H0 + HCi -^ (NH4)C1 + H,0, ^ 

(6) C9Hi(N02)(NH4)0 + HC1-*C8H,(N0,)H0 + (NHOCI. ■ 

The end-point here recognized is that at which the concentration 
of the chromophore-containing ion changes from a recognizable 
quantity to one which cannot be recognized with certainty. 

The value of K for (4) is (10-^ (1.8X10-^) -h10-» or 1.8 X 1(P. ■ 
The value of K for (5) is (1.8 X 10"^) (1) -i- 10-", or 1.8 X 10". 
The value of K for (6) is 1 -^(10-'), or 10'. 

The values of K for (5) and (6) are sufficiently large, that for (4) 
is too small to insure the presence of a recognizable concentration 
of the chromophore-containing ion up to the point at which all of 
the base has been neutralized. The best indicator which could 
be used would have a constant of 2.4 X 10"", for with such an 
indicator the value of K for both (4) and (6) would be 4,2 X 10*. 

It is evident that in the titration of bases with acidic indicators 
the indicator constant should be large in proportion as the dis- 
sociation constant of the base being titrated is small, but must be 
small as compared with the dissociation constant of the acid used 
for the titration; further, if an indicator whose constant has a 
certain value is used the probability of obtaining a deferred end- 
point on the one hand and a premature end-point on the other 
is equal. 

The TJse of Basic Indicators. The indicator constant of a 

basic indicator could be defined by an expression analogous to that 

^ised for acidic indicators, that is, by 
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rin which Q~ represents the chromophore-containing ion. Since 
in any aqueous solution (H"'") • (H0~) = 10~" we can substitute 
10-'* -i- (H+) for (H0~) and obtain an expression for K in terms 
of (H+) and the fraction of mthcator transformed. There is no 
objection to substituting (H+) for 10~" -^ {H+) and changing the 
value of K to correspond with the effect of tHs substitution, tliat 
is to define the indicator constant of baae indicators the same ae 
for acidic indicators. There is further no difficulty in determining 
the value of this constant in such a manner as to conform to thia 
definition. It is only necessary to use a large excess of acid in- 
stead of base to completely transform the indicator in the solu- 
tion used as a standard of comparison in order to obtaan x, and 
from it and the Imown value of (H+) to calculate K. It should 
be noted, however, that altho the constant of an acidic indi- 
cator varies directly with its dissociation constant, that of a 
basic indicator varies inversely with its dissociation constant, ^d 
hence strongly acidic and weakly basic indicators show gimilar 
properties. 

By the use of this general definition it becomes unnecessary to 
distinguish between acidic and basic indicators, and the rules 
elaborated in the preceding discussion are valid for both classes 
of indicators. 

The Sensitiveness of Indicators. In the preceding discus- 
sion it is shown how the value of the indicator constant K can 
be calculated after ha\"inf; determined the value of (H"*") at which 
the color change corresponding to the transformation of a pur- 
ticular fraction (a;) of the total amount of indicator present 
takes place. It might he surmisetl that the color change referred 
to is always that at which the concentrations of the two modi- 
fications of the indicator are the same, since such mixtures sbouH 
yield what might be called the "neutral color" of the indicator 
in question. Incidentally it should be pointed out that if tbis 
condition is complied with, that is, if the fraction transformed i* 
represented by 0.5, the fraction x -i- {I — x) equals one, 



k. 
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therefore K — (H+) ; that is, the value of the indicator constant 
must equal the concentration of the hydrogen ion at which the 
color change representing the transformation of one-half the 
total amount of indicator present, takes place. 

It is found, however, that the color changes which many indi- 
cators undergo when x = 0.5 is less clearly defined than when 
X has a greater or less value. This is due to the fact that the eye 
is less sensitive to certain colors than others and is often unable 
to correctly interpret the composition of mixtures. The colors 
of some indicators, however, change with varying (H"'') at a 
fairly uniform rate, and any shade of the aeries can be adopted 
as the end-point with about equal advantage. Decided differ- 
ences are also apparent in the total change in the value of {H+) 
within which any easily recognizable color change takes place, 
that is, the "sensitiveness" of the different indicators varies 
greatly. In general, two-color indicators, that is, those which 
thange from one distinctive color to another, are less sensitive 
tiian one-color indicators, which change from one distinctive color 
to a colorless form or the reverse. 

Before an indicator can he used intelligently certain facts 
r^arding it should be ascertained. First, the particular color 
change which can be recognized most accurately should be decided 
upon and always used as the correct end-point. Second, the 
value of (H+), at which this change takes place, should be deter- 
mined by noting the effect of adding it to a series of solutions 
containing varying concentrations of the hydrogen ion. Third, 
the fraction transformed at the value of (H+) found should be 
determined, and finally the value of K calculated. With indi- 
cators which show a continuous series of color changes, several 
different shades may be chosen as end-points and hence different 
values for (H*) found. 

Classification of Indicators. The uses of the different indi- 
cators are shown most advantageously by arranging them in a 
Series with respect to the value of (H+) between which they show 
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fthe most pronounced color changes. At one end of the series 
will be found the indicator whose constant has the largest per- 
naissible value, and which is peculiariy adapted to the determina- 
tion of weak bases; at the other end, the one whose constant 
has the smallest permissible value, and which is pecuharly adapted 
to the determination of weak acids. Each member of the series 
can be used for the determination of acids and bases whose 
dissociation constants vary between certam values with a fur 
degree of accuracy. Where greater accuracy is demanded it is 
necessary to make use of different concentration.? and adopt 
different color changes for the same indicator in order to limit 
still further the range of concentrations of (H"*"), which can be 
easily recognized. 

A series of five indicators arranged in the order of increaedsg 
sensitiveness toward (H+) is given in the following paragraphs. 

Methyl Orange. This indicator is the sulfonate of dimethyl- 
aniline-azobenzene; altho the imino group gives it weakly basic 
properties, ita use as an indicator probably depends upon the 
strongly acidic sulfonic acid group. It is used in the form of a 
solution which contains 1 gm, per liter of its sodium salt. When 
the volume of solution being titrated does not exceed lOO cc. one 
drop of this solution imparts an easily recognizable yellow color, 
which is not changed by the addition of a base, to the mixture- 
If sufEcient acid is added to make (H"*") equal to 10~* the solution 
becomes pink. A series of intermediate transition colors begins 
to appear when (H"*") = I0~', The most clearly defined color 
change is obtained when the minimum concentration is used and 
at least 80 per cent of the indicator is transformed. The value of 
its constant is 5 X 10~*. This is the most strongly acidic indi^ 
cator in general use. It is especially useful in the titratioQ of i 
very weak bases; the weaker acids, such as carbonic, bori^l 
hydrocyanic, have almost no effect upon it, altho 
trations delay somewhat the speed with which it 
changes in {H+). 



H 



carbonic, ho(^l^■ 
10 large c^^^H 
it reBpou^^^l 



iueal. This indicator is usually prepared by digesting 
the dried cochineal insects with ten parts of 50 per cent alcohol 
and filtering. The resultii^ tincture owes its color to carminic 
acid the stractural formula of which is not known. With pure 
water it yields a ruby red color which changes to violet red upon 
the addition of a base and to yellow upon the addition of an acid. 
The most decided color chaise takes place when (H+) is in the 
neighborhood of 1 X 10^. It is therefore slightly more sensitive 
toward weak acids and less toward weak bases than methyl 
orai^e. 

Para-nitro-pbenol. This indicator is used aa an aqueous solu- 
tion containing 4 gm. pet liter. One drop is sufficient for titra- 
tions in which the total volume does not exceed 100 cc. Its 
constant has the value 1 X 10~' when 20 per cent of it is trans- 
formed. The change from colorless to greenish-yellow takes 
place when (H+) changes from 10"'' to 10~*. 

Rosolic Acid. This is the anhydride of trioxy-triphenyl-car- 
binol. It is usually employed in the form of an alcohohc solution 
which contains two-tenths of 1 per cent. One drop of this solu- 
tion imparts to 100 cc. of water a light yellow color, which is not 
changed by the addition of acids but becomes violet red when 
(H"*") is reduced to 10~^. Its constant has the value 10~' when 
the indicator is 20 per cent transformed. 

Phenolphthalein. This indicator is prepared by dissolving 
2 gm. in a liter of 50 per cent alcohol. One drop is sufficient for 
100 cc. of solution. It imparts no color to pure water, but the 
solution changes to deep red when (H+) is changed from 10"' to 
10~'°. Its constant has the value 1.7 X 10-'" when 20 per cent 
'■i' it is transformed. 



CHAPTER XLI 



I. Determination of Acids and Acm Salts 

Titration of Monobasic Acids. In determining an acid bj 
titrating with a strong base the general principles developed on 
pages 286 and 287 can be used to ascertain the proi)er indicator 
to employ, or that indicator can be chasen from the series which 
gives a color change at that value of (H) , which the solution should 
have at the true end-point. This value can be inferred with 
sufficient accuracy from the data given on the curves of Fig. 56, 
at least for the concentrations there made use of, but it is some- 
timea advantageous to estimate (H) by calculating to what extent 
the reaction concerned takes place in the reverse direction. At 
the true end-point the solution must in every case have the same 
composition as one obtained by adding the proper amount of the 
salt formed to pure water, therefore we can calculate the value 
of (H) in such solutions from the hydrolysis constant (see page 59) 
of the salt formed, or we can ascertain this point empirically, 
that is, by finding which indicator of the series shows a color 
change when (H) ia changed very slightly from the value it has 
in a solution made by adding the salt to pure water. 

In titrating hydrochloric acid, for instance, the solution at the true 

end-point should contain the same concentration of (H) and (HO) 

.as one prepared by adding pure sodiuni chloride to water, 

md if the dissociation of both acid and base be considered 

both (H) and (HO) must have the value 1 X 10^. 



ACIDIMETRY AND ALKALIMETRY 293 

It might be inferred that in the titration of all strong adds the 
indicator roaolic acid, which gives a color change when (H) equals 
1 X 10~', should be used, but satisfactory results can also be 
obtained with any indicator of the series. The reason is that in 
titrating any strong acid the addition of a single drop of a solu- 
tion of the standard alkali in the neighborhood of the true end- 
point charges (H) thru differences as great as those represented by 
the two extremes of the indicator series, that is, where the solution 
used is at least tenth-normal and the volume titrated is not too 
large. In the titration of the weaker acids greater care must 
be used in the choice of an indicator, but this does not neces- 
sarily insure a high degree of accuracy. This depends in large 
measure upon the sensitiveness of the indicator and still more 
upon the rate at which (H) changes during the titration in the 
neighborhood of the true end-[>oint. 

Titration of Di- and Tribasic Acids. The theory of the titra- 
tion of these acids is more complex since they dissociate in stages 
and each stage of the process is characterized by a definite dis- 
sociation constant. For example the dissociation of phosphoric 
acid is represented by 



(1) 


(H)(HJOi)+ (H,PO.)= ti = 1 X 1(H, 


(2) 


CH){HPOJ + (HJO,)- t, = 2 X 10-', 


(3) 


(HJCPO.) * (HPO,) -h-tX W-'. 



When this acid is titrated with a base three different equilibrium 
constants, whose values depend upon the three dissociation con- 
stants, have to be considered. The value of (H) during the titra- 
tion is determined for the most part by ki up to the point at which 
one equivalent of base has been added, by fca up to the point at 
which two equivalents of base have been added, and by fca up to 
the point at which three equivalents of base have been added. 
If a curve similar to those of Fig. 56 is plotted it will be found that 
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those portions of it which are in the immediate neighborhood of 
the points at which exactly one and two equivalents of base have 
been added are nearly vertical, that is, at these points (H) changes 
very decidedly with slight changes in the value of the ratio of base 
to acid. Experience shows that the value of (H) at the first of 
these points corresponds approximately to the value at which the 
color of methyl orar^e changes; at the second point it corresponds 
to the value at which the color of phenolphthalein changes. Hence 
this acid can be determined by using methyl orange and assumii^ 
that it is monobasic, or by using phenolphthalein and assuming 
that it is dibasic. In neither case are the end-points verj' sharply 
defined and the method yields approximate results only. The 
proper conditions for the titration of all di- and tribasic acids 
can be indicated if the dissociation constants of these acids are 
known. 

Dissociatioa Constants of Acids. The dissociation constants 
of some of the acids which the chemist is frequently required to 
determine are given in the table on page 29.5. 

Titration of Acid Salts. When an acid salt of a strong baBe, 
such as NaHsP04, is dissolved in water the value of (H) in the 
resulting solution is determined for the most part by one of the 
dissociation constants of the acid concerned, in the illustration 
cited by kt of phosphoric acid. If such solutions are titrated with 
a base it is often possible to recognize the point at which exactly 
one equivalent of base has been added, owing to the very great 
change in the value of (H) at this point. In the solution of 
NaHaPOi the point at which one equivalent of base has been 
added can be recognized by the use of phenolphthalein, and the 
process ia identical with that part of the titration of phosphoric 
acid in which (H) changes from the first to the second of the two 

■t which it changes abruptly. The method is only appli- 
toi e titration of acid salts of strong bases and a limited 
^■di- and tribasic acids. -^^^h 
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DISSOCIATION CONSTANTS OF ACIDS* 
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n. Detbbmination of Eases and Basic Salts 
ration of Bases. The theory of the titration of bases is 
goua to that of the titration of acids, but unfortunately the 
iiation constants of bases have not been determined except 
ew instances. The dissociation constants of all the alkaline 
txides are lai^e and at moderate concentrations can be rep- 
ted approximately by one. The hydroxides of the alkaline 
8 are but slightly soluble, and readily change mto oxides; 
Ute all dibasic and probably dissociate in stages. The hy- 
fles and oxides of the remaining metals are so insoluble that 
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■?■■• 
they have no appreciable ofllDd; on the color of a solution of methyl 

orange. Some of them, sucn as ZnO, can be determined by the 

method of back titration, that is, by adding a measured volume of 

standard acid more than sufficient to react with the base, and 

titrating the excess of acid used with a standard base. 

The dissociation constant of ammonium hydroxide has the value 
1.8 X 10"^ and it can be accurately titrated if methyl orange or 
cochineal is used. Some of the substituted ammonias, except 
those of the aromatic group, are still stronger bases. A limited 
number of alkaloids possess basic properties strong enough to 
make it possible to titrate them directly with a fair degree of 
accuracy. 

Titration of Basic Salts. Many of the basic salts which have 
been described are mixtures and the composition of many others 
is not known accurately. Where the formulae of a ba^c salt is 
known it can frequently be determined by methods exactly analo- 
gous to those used for the determination of acid salts. 

III. Determination of Salts of Weak Acids and Bases 

Titration of Salts of a Weak Acid with a Strong Acid. The 

data represented by the curves of Fig. 57 show that when salts 
of acids, whose dissociation constants are not greater than 
1 X 10"^, are titrated with a strong acid, both the rate at which 

(H) changes and the absolute value of (H) at the true end-point 
is such as to make recognition of this end-point, by the use of such 
an indicator as methyl orange, possible. At the true end-point 
the solution must have the same composition as one obtained 
by adding the proper amount of the new salt formed and the 
acid liberated to pure water. If the dissociation constant of 

the base equals that of the strong acid added, the salt formed 

+ 

has only a slight effect upon (H); its value depends almost en- 
tirely upon the dissociation constant of the liberated acid and 
its concentration. If, for example, we titrate sodium borate 
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with hydrochloric acid, the value o^CH) at the true end-point 
is very nearly equal to that of the boric acid hberated. 

When the acid of which the salt is composed is di- or tribasic an 
indicator can be used which will determine the ix)int at which 
either one, two or three equivalents of the stronger acid have been 
added. In the titration of sodium carbonate for example the 
method nught be baaed upon one of two reactions, namely, 

(1) NasCOB+ HCi-^NaHCa + NaCI, ^m 

(2) NajCOi+2HCl-»CQ2 + H20 + 2NaCI. ■ 

If the former method is used the value of (H) at the true end- 
]K>\at would equal that resulting from the dissociation of HCO3 
at the concentration concerned. If the latter method is used 
the value of (H) at the true end-point would equal that resulting 
from the dissociation of H1CO3 at the concentration concerned, 
but since HjCOa breaks down into COi and HjO thia concentration 
is very small. Experience shows that the latter method is much 
more accurate than the former. 

Titration of Salts of a Weak Base with a Strong Base. The 
Iheory of the titration of salts which represent combinations of 
very weak bases and strong acids is entirely analogous to that of 
the processes discussed in the preceding section. They are used 
for the titration of salts of the aromatic amines and alkaloids. 

IV. Indirect Determinations 
Titrations Which Involve a Previous Separation. A large num- 
ber of substances which cannot be determined directly by titrat- 
ing with an acid or base may be transformed into substances 
which can be bo determined. This includes a large number of the 
tnetallic elements which form insoluble salts with weak acids. 
Thus, aitho calcium when present as a salt cannot be titrated 
tlirectly, it can be precipitated from its solutions as a carbonate, 
^tered and washed, and then titrated like any other salt which 
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represents a combination of a weak acid and a strong base. The 
accuracy of the process depends upon the insolubility of the precipi- 
tate, upon the completeness with which the precipitating agent, 
in this case ammoniimi carbonate, can be washed out, and upon 
the accuracy of the final titration. 

Another illustration is found in a method which is largely used 
for the determination of phosphoric acid when in the form of its 
salts. It is based upon the fact that this acid is, under proper 
conditions, completely precipitated by ammonium molybdate as 
(NH4)3P04 • 12 M0O3 which compound reacts with a solution of 
sodium hydroxide as shown by the expression: 

2 (NH4)3P04 • 12 M0O3 + 46 NaHO -> 2 (NH4)2HP04 + 23 NaaMoO* 

+ (NH4)2Mo04 + 22 H2O. 

As this reaction is practically complete and instantaneous we 
can titrate the M0O3 combined with the ammonium phosphate, 
and the amount of phosphorus present can be calculated from the 
assumption that every twelve molecules of M0O3 foimd represent 
one molecule of phosphoric acid originally present. 

Titrations Which Involve the Use of a Special Reagent to In- 
crease Dissociation. In a limited number of instances the de- 
sired transformation can be effected by the use of a reagent which 
does not itself react with the titrating solution, and in such de- 
terminations previous separation of the product is not necessan'. 
Thus hydrocyanic acid, whose acidic properties are too weak to 
admit of a direct titration, can be completely changed into mer- 
curic cyanide and hydrochloric acid by the addition of mercuric 
chloride, and the resulting hydrochloric acid can be titrated with 
accuracy. The process owes its accuracy to the remarkably low 
dissociation constant of mercuric cyanide. 

V. Questions and Problems. Series 20 

+ — 

1. Calculate (H) and (HO) in solutions made by adding to 100 cc. of wat€f 

(a) 1 gm. of 80 per cent (CiHsOa)!!, (b) 1 cc. of concentrated h^'drochlorie 

acid, assuming that both acids obey the dilution law. (See page 54.) 



t 
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2. Lidicate the probable form of the curves representing the changes m 

(H) during the titration of H«P04, assuming that three equivalents of base 

are used. 

+ — 

3. Calculate (H) and (HO) at the true end-point when a normal solution of 

an acid is titrated with a normal solution of a base if the dissociation constant 
of both acid and base is 1 X 10"*. 

4. What indicator would you use in titrating acetic acid with ammonium 
hydroxide? Why is it preferable to titrate with sodium hydroxide? 

6. What is the simplest method of ascertaining experimentally whether 
sodium benzoate can be titrated with HCl with accuracy? 

6. An indicator which imparts no color to an acid solution gives a par- 
ticular shade of yellow to a solution in which its concentration is 6 X 10"* 

and (H) equals 0.81 X 10"*; it is found that a layer of this solution 25 cm. 
thick, which contains the same concentration of indicator, has the same 
color absorption as one 10 cm. thick, which contains the same concentration 
of indicator and an excess of base; what is the value of the indicator constant? 

Ana. 5.4 X 10-m>. 

7. If the indicator constant of cyanin has the value 2 X 10"* when con- 
sidered an acid indicator, what is the corresponding value when considered 
a basic indicator? Ans. 5 X 10^. 

8. Would you think it possible to determine the following acid salts by a 
direct titration with a base; NaHSO*, NaHCOs, HCOOKCOO, Na^HPO*? 

9. Would you think it possible to determine the following salts by titrating 
with an acid NaCCHjOa), (NH4)2COs, K2SO3, Na^POi, CaCrO*? 

10. If required to determine the percentage of HsPOi by the method out- 
lined on page 298, what value would you give to £7 of the general formula in 
calculating the result? 




» 



I. Factors to be Considekbd 

Choice of the Acid and Base. As noted in Chapter XL it ia 

essential that the acids and bases used for the preparation of 
standard solutions have large dissociation constants. It ia also 
desirable that they shall be stable compoundB, that their action on 
the glass vessels used to retain them be small, and that they exercise 
no oxidizing or reducing action on the mdieators used. These 
considerations limit the acids generally used to hydrochloric and 
sulfuric. For bases the hydroxides of sodium and potas^um are 
most frequently employed, but the hydroxides of ammonium and 
barium ^re sometimes used. 

The Most Desirable Strength, Every titration should re- 
quire the use of a moderately large volume of the standard solu- 
tion; hence in titrating substances of low percentage composition 
either a large amount of sample must be used or the concentration 
of the solution used must be small. On the other band, strong 
solutions give more decisive end-points than weaker solutiooa 
and their strength is changed to a less extent relatively by carbon 
dioxide which may be absorbed from the air. In general it is not 
desirable to use solutions of acids or bases stronger than one-balf, 
or weaker than one-tenth normal, altho special circumstances may 
make it desirable to vary these limits. 

Methods of Preparing Solutions. Since the concentration of 

moderately strong sulfuric acid (preferably about 60 per cent) can 

be determined with very great accuracy from its specific gravity 

300 
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(see Chapter XLIX) a standard solution of this acid can be pre- 
pared by diluting a weighed amount to the calculated volume. 
Similarly a standard solution of hydrochloric acid can be pre- 
pared by passing pure dry hydrochloric acid gas into a flask 
cont^nii^ a weighed amount of waterj determining the increase 
in the weight of the flask and diluting the solution to the cEilcu- 
lated volimie. 

An indirect method in which a solution of approximately the 
desired strength is first prepared, its strength accurately deter- 
mined by an independent process, and then diluted to the calcu- 
lated volume is often preferable. The exact value of the diluted 
solution can be determined by a gravimetric process or by titrating 
against a known weight of some pure substance with which the 
solution reacts completely. A large number of such substances 
have been proposed and are used by different chemists for this 
purpose. 

Sodium carbonate can usually be obtained sufficiently pure, 
except for small amounts of water and bicarbonate; if heated to 
300° in a platinum crucible for a few minutes it gives the pure 
normal carbonate which can be weighed accurately and titrated 
against solutions of mineral acids usii^ methyl orange as the 
indicator. 

Calcium carbonate which has been separated by precipitation 
is also to be had in a very high degree of purity, and can be used 
like the sodium compound. 

Borax (Na-BjO? ■ 10 HjO) is readily obtained pure by recrystalli- 
zation at temperatures below 50° and also gives accurate results 
in the standardization of acids. 

Succinic and benzoic acids can also be prepared in a high degree 
of purity and simple and accurate methods for the standardization 
of alk^ine Bolutions are based upon their use. 
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II. Outline of Method fob the Preparation of Usa 
NORMAL Acid and Alkali 

Preparation of Solutions. Weigh out on a rough balance 50 
gm. of pure sodium hydroxide, place in a 2500 cc. flask, add 2 litera 
of distilled water and shake occasionally until the alkali is com- 
pletely dissolved. Next add about 5 gm. of finely powdered C. P. 
calcium ojdde and allow the mixture to stand for an hour with 
occasional shaking, or still bett-er allow it to stand 
over night. Place a Witt filter-plate in a filtering 
tube and provide with a good thickness of washed 
asbestos in the customary manner; connect the 
filter tube with a clean two-liter bottle as shown 
in Fig. 5S and filter the alkali solution into the 
bottle. Keep the bottle stoppered as far as 
possible. 

Measure out 100 cc. of concentrated C. P. 
hydrochloric acid into a clean two-liter bottle, 
dilute to 2 liters with water which is free from 
carbon dioxide and mix thoroughly. To deter- 
mine whether the carbon dioxide is present in 
Fig. 58. — Device objectionable amounts add one drop of phenol- 
for FUtering Al- phthalein indicator to 200 cc. of the water ia 
' " '°° question, and then one drop of the approximatciv 
semi-normal alkali solution; if the mixture does not acqiure a 
distinct pink color the amount of carbon dioxide is excesave, and 
the water must be heated to the boiling point to remove it. 

Determination of the Volumetric Ratio, Measure out a 25 ce. 
pipet full of the acid solution into a 200 cc. beaker or Erlenineyer 
flask, dilute to 50 cc. and add a drop of methyl orange indicator. 
Place a piece of white paper under the vessel and then add the 
alkah solution from a buret until the mixture, after passing thru a 
series of color shades, finally changes permanently to a clear lenuffl 
yellow. The color shade finally obttuned should correspond to 
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lat which results from the addition of one drop of the indicator 
to 75 cc. of water. Repeat this determination until the results of 
successive determinations do not differ by more than one part in 
five hundred. From the average of the results finally accepted, 
that ia, those which are believed to involve no large errors, cal- 
culate the volumetric ratio of the two solutions by dividing the 
volume of alkali solution used by the volume of acid solution 
Used. 

TitratioQ Against Pure Calcium Carboiiate. Weigh out 0.8 
gm- of pure and recently dried calcium carbonate into a 300 ce. 
beaker, cover with a watch glass and introduce 50 cc. of the acid 
solution measured preferably from a pipet. Agitate the contents 
of the beaker until the carbonate is completely dissolved, then 
warm gently to a temperature not exceeding 60° for the purpose 
of expelling the large excess of carbon dioxide. Rinse off the 
under side of the watch glass and the sides of the beaker with 25 
cc. of water, add a drop of methyl orange indicator and titrate as 
ia the determination of the volumetric ratio. 

Calculation of Strength of the Two Solutions. Calculate the 
volume of acid solution equivalent to the volume of alkaU solu- 
tion used in the last titration by thviding by the volumetric ratio, 
and subtract the quotient from the 50 cc, of acid solution used. 
Calculate the weight of hydrochloric acid theoretically required 
to react with the calcium carbonate weighed out, and di\ide by 
the volume of acid solution found to be equivalent to it in the 
previous calculation; the quotient represents the weight of hydro- 
chloric acid present in 1 cc. of the solution. Repeat the standard- 
ization with a second portion of calcium carbonate or until results 
are obt^ned which do not differ by more than one part in 500. 

Calculate the weight of sodium hydroxide needed to neutralize 
the hydrochloric acid in 1 ce. of the solution of that reagent as 
originaUy prepared and divide by the volumetric ratio; the quo- 
tient represents the weight of sodium hydroxide present in 1 cc. 
(^ the alkali Bolution. 
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Reduction to Semi-nonnal Strength. Calculate the volume to 
which 1500 cc, or some other convenient volume, of the solution 
should be diluted to make each cubic centimeter contain exactly 
0.01823 gm. and add the necessary amount of water, assuming that 
neither contraction nor expansion takes place. In making this 
dilution first rinse out a 1000 cc. and a 500 cc. fl^k with a little of 
the Eicid solution and discard; then fill the flasks to the mark with 
the solution and discard whatever remains in the bottle, but do not 
rinse the latter with water; next drain the contents of the two 
Sasks into the bottle and add the calculated amount of water 
which should be measured accurately from a buret. 

Dilute in a similar manner the alkali solution to semi-nonnal 
strength, that is, so that each cubic centimeter ctmtains exactly 
0.020 gm. 

Checking Work. Redetermine the volumetric ratio between 
the two solutions; if it differs from one by more than two parts 
in one thousand faulty work has been done and, since the error 
may be in cither one or both of the two solutions, the standardii!^ 
tion with pure calcium carbonate must then be repeated. If 
difficulty is experienced in attaining the requisite accuracy by lis 
method standardize the acid solution by the gravimetric method 
described below. If either of the solutions has been diluted W 
below semi-normal strength it is not necessary to prepare a new 
solution, but the exact factor representing the relation of the 
solution to normal strength should be calculated and used in place 
of the factor one-half wherever this factor would have been used- 
Gravimetric Method of Standardization. Remove with s 
pipet 25 cc. of the acid solution, dilute to 200 cc. and add a slight 
excess, that is, about 10 per cent more silver nitrate than is theoretr 
ieally required to react with the chlorine present. Heat the 
mixture to boiling and stir until the precipitate coE^ulates, thoi 
filter on an asbestos filter, wash dry and weigh resulting ffllver 
chloride. Calculate the relation of the acid solution to nonnol 
I from the weight of silver chloride obtaine^t^B 
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cubic centimeter of acid measured out. Calculate the relation of 
the alkali solution to normal strength from the volumetric ratio 
and the normal value of the acid solution. 

III. Experiments With Indicators 
Prepare one-tenth normal solutions of acid and alkali by diluting 
50 cc. portions of the semi-normal solutions already prepared to 
exactly 250 cc. Remove by means of a pipet 10 cc, of the one-tenth 
normal acid solution to a 200 cc. beaker or Erlenmeyer flask, add 
80 cc. of water, a drop of methyl orange indicator and titrate 
with the tenth normal alkali. Note and record all of the shades 
of color thru which the solution passes, the color when an equiva- 
lent amount of alkali has been added, the amount of alkali needed 
to brii^ about the most pronounced color change and the color 
when an excess of alkali has been added. Next pass a stream of 
carbon dioxide, which has been washed free from other acids, thru 
the solution and note the effect, if any, on the color of the solution. 
Perform a similar series of experiments with the indicators, 
cochineal, rosolic acid, para^nitro-phenol and phenolphthalein. 

I IV. Questions and Fbobleus. Series 20 

1. If the water used in preparing the standard acid had been saturated 
with carbon dioxide, how and under what conditions would it have affected 
the results obtained ■with this solution? 

2. K the caleium carbonate used had contained one per cent of calcium 
oxide, how would the results obtained with the standard acid and standard 
base be affected? 

3. A solution of sulfuric acid is prepared by weighing out 5 gm, of pure 
CuSOi ■ 5 HiO, dissolving in water, and precipitating the copper by electroly- 
sis; if this solution is diluted to 1000 cc, what relation does it bear to normal? 

i. Calculate by the simplest method the normality of solutions of sodium 
hydroside one cc. of which react with (a) 0,02 gm. of benzoic acid, CiiHs(COOH); 
(b) 0.04 gm. of succinic acid, (CHajaCCOOH),; 0.015 gm, of crystallized oxalic 
acid, C1H1O4 • 2 HiO. 



CHAPTER XLIII 



I. Determination op the Stkength of Concentrated 
SuLFtnuc Acid 

Outline of the Method. Weigh accurately a clean glass- 
stoppered weighing Imttle of about 10 cc. capacity. Prepare a 
clean and dry dropping-tube or pipet of about 3 cc. capacity; in- 
Bert into the bottle containing the sample and fill about half full. 
Remove from the bottle and allow about 15 drops to flow into the 
weighing bottle, being very careful to avoid spattering, then close 
the bottle and weigh accurately. Fill the bottle nearly full of 
water, mix and pour into a 200 cc. beaker, then rinse out at 
least three times with 10 cc, portions of water. Add a drop of 
any desired indicator and titrate with the standard alkali wJu- 

^t^on. Calculate the percentile of HgSO* by the uae of the general 
formula. 
II. Detekmination of the Acidity of Vinegab 

Preliminary Statements. The acidity of vinegar, unless adul- 
terated with sulfuric acid, is due almost entirely to acetic ftcti 
When titrated with a base the coloring matter present undergoea 
a gradual color change which is difficult to characterize; this 
change can be distinguished with fair accuracy from the color 
change of phenolphthalein if a large amount of the indicator is 
added and the solution diluted sufficiently. In extreme casMi 
that is, where the color is very intense, it may be necessary \o 
Lremove it by the addition of bone black £md filtering, but mmb 
ibis reagent absorbs small amoimts of acid ita use should if 
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possible be avoided. It ia customary to report results in terms 
of the total weight of acid, calculated as acetic, per cubic centi- 
meter of sample. 

Outline of Method. Measure out 10 cc. of the vinegar into a 
400 cc. beaker and dilute with 200 cc. of water free from carbon 
dioxide. Add three drops of phenolphthalein and titrate with 
the alkali solution, disregarding the chaises from brown to drab 
and endeavoring to recognize the point at which the pink of the 
phenolphthalein, modified to some extent by the drab color of the 
vinegar, becomes apparent. Calculate the weight of acetic acid 
in 1 cc. of sample, 

III. Determination of Potassium Bitartrate in Argol 
OR Commercial Cream of Tartar 

Preliminary Statements. The chief source of cream of tartar 
and tartaric acid is the argol which separates on the sides of the 
casks during the manufacture of wine. It contains in addition 
to potassium bitartrate (CiH^KOe) salts of a number of organic 
acids and large amounts of coloring matter. The dissociation 
constant of the first hydrogen atom of tartaric acid is 9.7 X 10~*, 
that of the second has not been accurately determined but it is 
sufficiently large to justify regarding it as a dibasic acid when 
titrated with a base if phenolphthalein is used as the indicator 
and therefore potassium bitartrate is one of the acid salts which 
can be titrated directly. 

The large amount of coloring matter present in argol often makes 
it difficult to recognize the true end-point; the conditions ob- 
served in the titration of vinegar also apply here. 

Outline of the Method. Weigh out 2 gm. of the finely pow- 
dered sample, add 150 cc. of hot water and stir for a few minutes. 
If a large amount of insoluble matter remains, filter on a small filter 
and wash with hot water until the washings are free from acidity. 
Add three drops of phenolphthalein and titrate with the standard 
alkali solution. Calculate the percentile of potassium bitartrate. 
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IV. Determination of Boric Anhydride in Natural Boka:^^ 

Theory of the Method. The naturally occurring boratea, 
which include the minerals colemanite, ulexite and pandennite, 
are simple or double borates of caicium and sodium. They are 
usually associated with the carbonates and sulfates of the alkali 
metala and with clay and sand. As they are the source of most 
of the borax and boric acid of commerce the value of ores contain- 
ing them depends upon the percentage of boric anhydride which 
they contain. 

The dissociation constant of boric acid is so small that it is 
completely displaced from solutions of its salts by an equivalent 
amount of a strong acid; if the salts are insoluble an excess of the 
acid must be used. Even concentrated solutions of boric acid do 
not affect the color of methyl orange and hence this indicator can 
be used to determine the point at which all of the mineral acid but 
none of the boric acid in a mixtuje which contains both has been 
neutralized. Hence if a sample which contains any of the borates 
named is treated with an excess of hydrochloric acid and the 
mixture made to give a neutral reaction with methyl orange it will 
contain an amount of free boric acid which corresponds to the 
boric anhydride present. The free acid cannot bo titrated directly 
even where phenolphthalein is used, but the addition of glycerine 
or mannitol increases its acidic properties to such an extent that 
this titration then becomes possible. If glycerine is used it must 
form about 30 per cent by volume of the entire mixture; if manni- 
tol is used 2 per cent by weight is sufficient, and the end-point is 
more sharply defined. 

The method is not affected by the presence of carbonates if the 
carbon dioxide which is liberated during the decomposition of the 
sample is expelled, but since boric acid is very slightly volatile 
long boiling must be avoided. The accuracy of the method depends 
'^-(lely upon the maintenance of the proper concentration of the 
nta used. 
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Outline of the Method. Weigh out 1.5 gm. of the finely 
ground sample iuto a 200 ce. beaker, add 5 cc. of dilute hydro- 
chloric acid, warm gently and stir with a glass rod until the sample 
seems to be completely decomposed, then add 10 cc. of water and 
heat to 80°. If a large amount of flocoulent residue remains, filter 
on a verj' small filter but keep the volume of filtrate and washings 
to about 50 cc. Add a drop of methyl orange and then standard 
sodium hydrojdde until the mixture has a clear lemon yellow color. 
Next add 3 drops of phenolphthalein and about 1 gm. of mannitol 
and finally titrate with the standard alkali to a permanent pink 
color. Add another half gram of mannitol and if the color fades 
continue adiing alkali until it is restored. As equilibrium is 
attained but slowly more time should be allowed for this titration 
than for those previously described. Calculate the percentage of 
BiOa, assuming that each molecule has a neutralizing power of two. 

^V. The Analysis op Commercial Alkalies 
eliminaiy Statements. The alkalies of commerce consist 
ly of the hydroxides, carbonates and bicarbonates of sodium 
and potassium. Their total alkalinity can be accurately deter- 
mined by a direct titration with a standard acid, using methyl 
orange as indicator; or, by using the process of back titration and 
heating the solution to drive off carbon dioxide, other indicators 
may be used. It is sometimes necessary to distinguish between 
the alkalinity due to hydroxides and carbonates or between that 
due to carbonates and bicarbonates. 

Methods for the Determination of Hydroxides and Carbon- 
ates. If a solution which contains both hydroxides and carbon- 
ates is titrated with a standard acid, using phenolphthalein, the 
color change takes place when the hydroxide has been completely 
neutralized and the carbonate changed into bicarbonate; hence 
the difference between the result obtained for total alkalinity and 
that obtained by this method represents the acid needed to neu- 
tralize the bicarbonate formed from the normal carbonate origi- 
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nally present aQd it is possible to calculate both the hydroxide and 
carbonate originally present. As the end-point in the latter 
titration is very unsatisfactory, this method is used only for ap- 
proximate determinations. 

A more satisfactory method of mating this detemunation de- 
pends upon the addition of sufficient barium chloride to precipitate 
all of the carbonate and titration of the hydroxide in the resulting 
mLxturc. 

Outline of Method for the Determination of tiie Hydroxide 
and Carbonate of Soda in Commercial Caustic Soda. Weigh 
accurately a glass weighing bottle of about 10 cc. capacity and 
transfer to it as rapidly as possible about 10 gm. of the roughly 
powdered and mixed sample, and again weigh accurately. Empty 
into a small beaker, add about 50 cc. of carbon-dioxide-free water 
and stir until the sample is dissolved. Pour into a 250 cc. grad- 
uated flask and rinse out both bottle and beaker with more water, 
cool to the normal temperature, dilute to exactly 250 cc. and mix 
thoroughly. The very small amount of insoluble residue some- 
times foimd may be allowed to settle and is disregarded. 

Measure out 25 cc. of the solution, add 50 cc. of water, a drop 
of methyl orange and titrate with the stEindard acid. Remove a 
second 25 cc. portion, add 50 cc. of water, 5 cc. of reagent barium 
chloride, a drop of phenolphthalein and titrate with the standard 
acid, adding the latter very slowly as the titration approaches 
completion. Calculate the percentages of sodium hydroxide and 
sodium carbonate present. 




andj 



VT. Determination of Crude Protein in Floub 
Theory of the Method. The proteins represent a group of 
L ejrtremely complex nitrogen-containing compounds, which form 
f cme of the three classes of nutrient materials present in foods. 
I ;^tho the percentage of nitrogen present varies somewhat, experi- 
Lence has shown that protein can be determined with fair accuracy 

'tiplying the percentage of nitrogen present by a factor which 
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varies somewhat with the nature of the proteid concerned. For 
the protein in flour the factor commonly used is 5.7, for that of 
meat 6.38 ia used. The results obtained by this method are 
always designated as "crude protein." 

When floui' is heated with concentrated sulfuric acid the 
acid is gradually reduced to sulfur dioxide and water, while 
the carbon and hydrogen of the flour are oxidized to carbon 
dioxide and water and the nitrogen ia changed to ammonium 
sulfate. When the resulting solution is distilled with an excess of 
a strong base ammonia is formed and distUls over and can then 
be detennined by titrating with a standard acid. Under certiun 
con(Ution3 these operations can be carried out quantitatively, and 
form the basis of the Kjeldahl method which, with its various 
mochfications, is used for the determination of all classes of nitro- 
gen-containing compounds. 

The Apparatus Needed. The Kjeldahl method involves two 
groups of operations. The " digestion " must be made in a round- 
bottomed fiask, which is not easily broken by the large changes 
in temperature to which the different parts of it are subjected; 
flasks made of Jena or "pyrex'.' glass are commonly used. Since 
large amounts of sulfur dioxide and sulfur trioxide are formed 
tliia operation should be carried out in a hood which has a good 
draft, or each flask must be connected directly with a suction 
apparatus. The "distillation" must be made in a stiU, which is 
provided with a special form of still-head designed to prevent 
uay of the boiling flquid from being carried over into the receiver 
while the distiUation is in progress. Since the time needed for 
both of these operations may be long most laboratories are pro- 
vided with special multiple-unit pieces of apparatus, in which 
the digestion and distillation of from three to twenty samples 
c-in be made simultaneously. In such an apparatus the con- 
'icnserconsistsofanarrowtroughof sheet copper thru which water 
-lowly circulates; the condenser tubes are made of block tin, aa 
litis metal is not affected by dilute ammonium hydroxide. 
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Outline of Metbod of Procedure. Wdg^ out about 2 gm. of 
the sample into a 500 cc. ^jeldahl flask, which should be made of 
hard glass. Add 20 cc. of concentrated sulfuric add, uong it to 
rinse down any particles of the sample ^i^ch adhere to the sides 
of the flask, and then add about 0.7 guL of mercuric oadde for the 
purpose of increasing the speed of the reaction. Flaoe the flask 
in an inclined position on a cold sand bath and heat gently for 
ten minutes or until violent frothing ceases, then raise the trai- 
perature to the boiling point and boil vigorously until a color- 
less solution is obtained. Remove from the rack, allow to cod 
slightly, and add a few grains of solid potassium permanganate, 
using sufficient to produce a slight but permanent pink or green 
color. Allow to cool, dilute to 200 cc. and again cool under the \ 
tap to the temperature of the room. 

Add to the receiver of a distilling apparatus 10 ce. of semi- - 
normal hydrochloric acid, 50 cc. of water and one drop of metM i 
orange. Place the delivery tube attached to the distiflation i 
apparatus inside the receiver and adjust the level of the lattor f 
until the end of the delivery tube touches the surface of the liquid f. 
in the receiver. / J 

Add to the solution in the Kjeldahl flask 50 cc. of a 50 per cent | 
solution of sodium hydroxide, then 10 cc. of a 5 per cent solutioD j 
of potassium sulfide (to precipitate the mercury) and 2 gm. of j 
granulated zinc (to prevent boiling over) and at once connect ! 
with the still-head by means of a good rubber stopper. i 

Heat to boiling and continue distilling until the volume of the 
solution in the receiver amounts to 200 cc. Remove the receiver, 
rinse out the delivery tube and titrate with a one-tenth normal 
solution of ammonium hydroxide. Calculate and report the pe^ 
centage of crude protein present. 



A STANDABD ACID AND A STANDARD BASE 313 

VII. QOEBTIONS AND PROBLEMS. SeBIES 22 

1. Calculate by the general formula the percentage of citric acid, a tri- 
haaic acid of the formula CtHsO?, if the weight of mixture used was 0.843 gm., 
the volume of KOH solution used for the titration was 31 cc, and 1 cc. o£ 
KOH solution = 0.015 gm. of pure oxaLc acid (QHsO, - 2 HaO). 

2. Calculate the percentage of P^s in a solution of HjPO, if the weight 
of solution used was 6.43 gm., volume of KOH solution used for the titra- 
tion (with methyl orange) was 26 cc, and 1 cc. of KOH solution contained 
0.016 gm. 

3. Show how BiOi could be determined in pure borax more eaaily than in 
calcium borate, 

4. Explain why the BaCOj precipitated in the analysis of caustic soda 
has no effect on the titration. Is there any objection to using methyl orange 
for the titration? Is there any objection to filtering off and washing the 
BbCO] precipitate? 

6. Calculate by the simplest method the vohune of semi-normal acid 
required to neutralize the ammonium hydroxide produced by distilling 1 gm. 
ot FeSO.CNH,),^, ■ 6 H^O with an excess of KOH. 

I How would you prepare a solution of HCI so that each cubic centimeter 
should equal exactly 0.01 gm. of NaNOj, when the latter was determined by 
sducing to an ammonium salt, 'distilling with an excess of KOU and titi:^^ 
g the distillate uith the HCI solution? ^^| 
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CHAPTER XLIV 

GENERAL FEATURES OF PROCESSES INVOLVING OXIDATION 

Definition of Oxidation and Reduction. The term oxidation 
is here used in its broadest sense and includes all changes in which 
any negative element or radical is added to, or any positive ele- 
ment or radical is removed from, the substance under consideration. 
Reduction represents the converse of this and the two actions are 
necessarily reciprocftil, that is, where one element is oxidized some 
other must be reduced, and the total amount of oxidation effected 
must be equivalent to the total amount of reduction effected. K 
the distinction between positive and negative valence is recognized 
such reactions are always associated with changes in valence. 
According to this conception the valence of any uncombined ele- 
ment is always zero, that of any combined element corresponds 
to the number of positive or negative bonds of aflSnity represented 
by one atom of the element in the compound concerned. For 
example, the valence of arsenic is sometimes said to be three in 
both arsine and arsenic trioxide, but since hydrogen is a positive 
element the valence of arsenic in arsine s properly represented by 
— 3, and since oxygen is a negative element the valence of arsenic 
in arsenic trioxide is properly represented by + 3. Hence when 
arsine is oxidized to arsenic trioxide the valence of the arsenic 
changes from — 3 to +3. 

Definition of Oxidizing Capacity. In many of the substances 
used as oxidizing agents the valence of only one of the atoDas in 
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the molecule changes; in such cases the amount of oxidation 
which can be effected by one molecule of the oxidizing agent is 
determined by the change in the valence of that element. In 
other cases two or more atoms change their valencies, and the 
amount of oxidation which can be effected by one molecule of the 
oxi(Uzing agent is determined by the algebraic sum of the valence 
changes which all of the atoms in one molecule of the oxidizii^ 
agent undergo. The "oxidizing capacity" of any agent is defined 
as the total number of positive valencies furnished to, or of nega- 
tive valencies taken from, the substance oxidized by one molecule 
of the agent. These statements can be illustrated by means of the 
foUowi:^ reactions: 

(1) CUSO4+ Zn -» Cu + ZnSOi, 

(2) Fe(N03)s + Ag ^ Fe(N03),"+ AgNO,, 

(3) SnCla + 2 HgCb -» SnCl. + 2 HgCl, 

(4) HjS + It-*S + 2HI, 

(5) 3 HiS + 8 HNOs -» 3 H^O* + 8 NO + 4 HiO. 

In (1) the valence of zinc chai^ea from to + 2, that of copper 
from + 2 to 0. The oxidizing capacity of copper sulfate is here 
(+2)- (0),or + 2. The oxidizing capacity of zinc is (0) - (+2), 
or — 2j which is equivalent to saying that its reducing power is 2. 

In (2) the valence of silver changes from to + 1, that of iron 
from + 3 to + 2. The oxidizing capacity of ferric nitrate is here 
(+ 3) - (+ 2), or + 1, that of silver is (0) - (+ 1), or - 1. 

In (3) the valence of tin changes from + 2 to + 4, that of mer- 
cury from + 2 to + 1. The oxidizing capacity of stannous chlo- 
ride is (+ 2) — (+ 4), or — 2, that of mercurous chloride is (+ 2) 
- (+ 1), or 1. 

In (4) the valence of sulfur changes from — 2 to 0, that of 
iodine from — to — 1. The oxidizing capacity of hydrogen 
sulfide is {— 2) - (0), or - 2, that of iodine is (0) - (- 1), or I. 
^^^v^^c^^^ulfur changes from — 2 to +6, tha^^f 
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nitrogen from + 5 to +2. The oxidizing capacity of hydrogen 
sulfide in this reaction is (— 2) — (+ 6), or — 8, that of nitric 
acid is (+ 5) - (+ 2), or + 3. 

Oxidation and Ionization Changes. The five reactions can 
also be expressed in terms of the ionization changes concerned as 
follows: 

(1 ) Cu + SO4 + Zn -* Cu + Zn + SO4, 

+++ — ++ — + 

(2) Fe + 3NO3 + Ag--> Fe + BNOs + Ag, 

++ — ++ ++++ — + 

(3) . Sn + 6Cl + 2Hg-^ Sn + 6Cl + 2Hg, 

(4) 2H +"^S + l2->S + 2H + 21, 

(5) 14H + 3"s + 8Nb3-*6H + 8N0 + 4H20 + 3SO4. 

The first four of these reactions involve changes in the number 
of charges with which the different ions are associated only, and 
so far as these reagents are concerned oxidation can be defined as 
any process in which the number of positive charges associated 
with an element is increased, or the number of negative charges 
so associated is decreased; reduction would be defined by the 
converse statement. Furthermore, the number of positive charges 
gained or the number of negative charges lost is a measure of the 
oxidizing capacity of the reagent concerned. 

In the fifth reaction there is also a change in the composition of 
one of the ions, that is, the NO3 ion not only loses its negative 
charge but also two oxygen atoms, which become available as 
oxidizing agents. Hence this method of defining oxidation and 
reduction, which in many respects is an extremely convenient one 
to use, is not universally applicable, even when the process takes 
place in an aqueous solution. 

Normal Values of Oxidizing Agents. The oxidizing capacity 
of oxidizing and reducing reagents measures one of the forms of 
chemical activity which these agents exhibit. Since the unit of 
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oxidizing capacity which has been adopted is the change in valence, 
aad the unit of valence is that ordinarily exhibited by the hydro- 
gen atom, the oxidizing capacity of a reagent is identical with E 
of the general formula, for volumetric determinations and the 
aormal value of any oxidizing or reducing agent is found by 
dividing its molecular or atomic weight by its oxidizing capacity. 
Meaning of Oxidation Potential. Altho four of the five reac- 
tionB cited have very large constants, reactions (2) and many 
others of this class are appreciably reversible. In discussing 
the reversibility of such reactions it will be found desirable to 
conceive of every oxidizing and reducing agent as possessing a 
definite "oxidation potential," which is but one form of chemical 
potential, and to ascribe the ability of one reagent to oxidize 
another to the fact that its oxidizing potential is large as com- 
pared with that of the reagent oxidized. Thus the negligible 
reversibility of reaction (1) would be ascribed to the very large" 
oxidation potential of copper sulfate as compared with that of 
metallic zinc. The reversibiUty of (2) woiild be ascribed to the 
fact that the oxidizing potential of ferric nitrate exceeds that of 
silver by a small amount only. The comparative values of the 
oxidizing potentials of the two reagents which react in any re- 
action involving oxidation is shown by the equihbrium constants 
of these reactions. The equilibrium constants of but few reactions 
of this tjpe have been determined directly; they can be calcu- 
lated more easily in many cases by use of the methods of electro- 
chemistry. 

Oxidation and the Theory of the Galvanic Cell, The electro- 
motive force produced when reactions involving oxidation are 
made to take place in such a manner that electrical energy instead 
of heat is produced is found to be directly proportional to the 
equilibrium constant of the reaction. If, for example, reaction (1) 
is made to take place in the apparatus represented in Fig. 59, in 
*hich A represents a vessel containing a bar of metallic zinc in 
Contact with a solution of zinc sulfate, and B a. vessel containii^ a 
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bar of metallic copper in contact with a solution of copper sulfate 
the voltage shown by the voltmeter V measures the difference 
between the oxidizing potentials of copper sulfate and zinc. The 
voltage shown by such cells is found to increase with an increase 
in the concentration of the copper ion 
in the copper solution and to decrease 
with the concentration of the zinc ion 
in the zinc solution, and a formula, 
which was first suggested by Nemst, 
makes it possible to calculate at what 
concentrations all action would cease, 
that is, the concentrations of zinc and 
copper ions in a solution in which me- 
tallic zinc and copper sulfate would be 
in equilibrium. The ratio of these con- 
centrations, that is, (Zn) -;- (Cu) haa 
been found to have the value 1(P', In 
a similar manner the equilibrium con- 
stant of reaction (2) has been found 
to have the value 0.1. 

Determination of Electrode Poten- 
tials. The electromotive force of a 
galvanic cell is determined by the dif- 
ference between the electrode potenr 
tials at the two electrodes of which the 
cell is composed. The difference of 
potential at each electrode is determined by the oxidizing jxitential 
of the agent which undergoes a change at the electrode. Thus the 
electrode potential of copper sulfate in contact with copper de- 
pends upon the oxidizing potential of the copper ion, that is, 
Cease with which it gives up its positive charges to some 
istance. Hence the oxidizing potentials of the different 
agents are proportional to the electrode potentials shown 
igents when they undergo a reaction in a galvanic cell. 
.^ 
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If a numerical value is arbitrarily assigned to some particular 
electrode and the electromotive force of the cells formed by com- 
bining this electrode with a number of other electrodes ia deter- 
mined a series of numbers representing the comparative values 
of the electrode potentials of these electrodes can be calculated. In 
attemptii^ to prepare electrodes, whose potential 
differences shall represent the ojddizing potentials 
of reagents which are not conductors of the metallic 
class and which do not yield conductors of the 
metallic class, it is necessary to make use of a metal 
like platinum which is a good conductor and whose 
action on the solution is so small that it can be 
neglected. Thus in measuring the oxidizing poten- 
tial of hydrogen it is necessary to use an electrode 
which measures the potential difference between 
gaaeous hydrogen and a solution of the hydrogen 
ion. This can be effected by use of the device 
represented in Fig. 60.* It consists of a sheet of 
platinum foil bent like the letter S, which is sur- 
rounded by a beil-^haped glass tube of such a form | (f^ ^ ) 
that the lower half of the foil is in contact with ^.^^-^ 
the solution and the upper half with pure gaseous ^s- 60. — Hy- 
hydrogen, which is made to circulate through the ^^ ^ ^ 
apparatus continuously. The potential difference shown by such 
an electrode also depends upon the oxidizing potentials of such 
reagents as may be added to the solution in contact with it, and 
hence it can be used to measure the oxidizing potentials of reagents 
like ferric salts or chromic acid. 

A Table of Electrode Potentials. In the table which appears 
ii^'low, the oxidizing agents whose formulffi appear in the first 
'olumn have been arranged with respect to the numerical value 
(if the electrode potential to which they give rise when they react 
in a galvanic cell in the manner indicated in the second column. 

* Hildebrand, Jour, of Am. Chem. Soc, 86, 847. ^^ 
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TABLE OF ELECTRODE POTENTIALS 



Oxidizing agent 


Reaction concerned 


Cone, of solution 


Electrode potentiab 


KMn04+ acid 


- ++ 
MnOi — > Mn 




<H-1.640 


CI, 


Cl,->2Ci 

— +++ 


(ci)=i 


+1.640 


KjCr04+ acid 


CrjO? — > Cr 




<H-1 270 


Br. 


Bra -^ 2 Br 


(Bt)=l 


+1.270 


+ 


+ 


, + , 




Ag 


Ag-^Ag 


(Ag) = l 


+1.076 


+++ 


+++ ++ 


+++ + + 




Fe 


Fe->Fe 


(Fe) = (Fe) 
(I) = l 


+1.016 


I2 


l2-^2li 


+0.80 


++ 
Cu 


++ 
Cu->Cu 


(6i)-^l 


+0.606 


+ 


+ 


+ 




(H) 


(H)^H 


(H) = l 


+0.277 


++ 


++ 


++ 




(Pb) 


(Pb) -> Pb 


(Pb) = l 


+0.129 


++ 


++ 


++ 




(Cd) 


(Cd) -* Cd 


(Cd) = l 


-0.143 


+ + 


++ 


++ 




(Zn) 


(Zn) -> Zn 


(Zn) = l 


-0.493 


+ + 


++ 


++ 




(Mg) 


(Mg) -> Mg 


(Mg) = l 


-1.273 


+ 


+ 


+ 




(Na) 


(Na) -^ Na 


(Na) = l 


-2.483 


+ 


• 4- 


+ 




(Li) 


(Li) -> Li 


(Li) = l 


-2.744 



The figures given in the last column represent the electrode poten- 
tials when the concentration of the solution is that represented in 
the third column. In general, any reagent which appears in the 
upper part of the table should oxidize any reagent which appears 
below it, that is, if the two reagents are brought together the one 
which appears first in the table reacts in the manner indicated in 
the second column; that which appears later reacts in the reverse 
direction of that indicated in the second column. The value of 
the equilibrium constants between any two such reagents is large 
in proportion as the difference between the corresponding electrode 
potentials is large. Thus the very large equilibrium constant of 
reaction (1) accords with the difference between the electrode 
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potentials of the Cu — > Cu and the Zn — ► Zn electrodes, that is, 
(+0.606) - (-0.493), or 1.099 volts. The smaller equilibrium con- 
Etaut of reaction (2) accords with the smaller difference be- 
tween the Ag — * Ag and the Fe — * Fe electrodes, that is, (+1.076) 
- (+1.016),or 0.06 volt. 

The Recognition of End-Points. The oxidizing potentials of 
nuxtures made by adding together equivalent amounts of two 
reagents which react completely is zero. If the reaction con- 
cerned was not absolutely complete such mixtures would show 
a alight positive or negative oxidation potential when equivalent 
amounts were present. It is imaaible to measure the electro- 
motive force of a galvanic cell, one electrode of which consists of 
a hydrogen electrode placed in a mixture containing equivalent 
proportions of two oxidizing agents, with great accuracy. If such 
a measurement has twen made, the true end-points of titrations 
between solutions containing these reagents can be ascertained 
by carrying :he titratioTi to the point at which the electromotive 
force of the cell corresponds with that previously found. The 
electromotive force of such a cell also changes very greatly with 
very slight changes in the ratio between the quantities of the two 
reagents present in the neighbo hood of the point at which this 
ratio is one; therefore the true end-point can also be determined 
by noting the rate of change in the value of the electromotive 
force of the cell during the titration. 

These methods of determining the end-points of processes of 
this class are not widely used at present altho they possess decided 
advantages. In most eases the end-point is determined by means 
of an indicator. The number of indicators available is very 
limited and with but few exceptions they can only be used for one 
titration; hence their action will be considered in discussing the 

rticular titration in which they are used. 



CHAPTER XLV 

DETERMINATIONS WITH POTASSinM PERMANGANATB"! 

I. Potassium Pebm.\nganate as an Oxidizing Agent 5 

Oxidizing Potential and Oxidizing Capaci^. This is a par- 
ticularly useful oxidizing agent since solutions of it act completely 
and instantaneously with a large number of reagents. Its oxi- 
dizing potential has not been measured accurately, but exceeds 
that of all the regents listed in the table on page 320. 

Its reaction with a ferrous salt, which is typical of a large num- 
ber of oxidations effected by it in an acid solution, is represented 
by the expression: 

(1) 2 KMnO. + 10 FeSO, -|- 8 HaSO* -> 5 FetCSOOj + 2 MnSO* 

+ K^aO* + 8 H2O. 
Assuming that the degree of oxidation of the potassium has a eon- 
atant value of +1, and that of sulfur in sulfates is +6 the de- 
gree of oxidation of the manganese changes from (2 X 4) — 1, or 
+ 7, to (2 X 4) — 6, or + 2, and hence the oxidizing capacity of 
one molecule of the permanganate is 5. Its behavior in all such 
reactions may also be represented by the expression: 

(2) 2 KMn04 -* KjO -|- 2 MnO -1-5 0. 

This equation represents an ideal conception only and will not 
take place in an aqueous solution unless some acid is present, which 
can take up the oxides of potassium and manganese, and some 
reducing agent is present to take up the available oxygen. 

Its use in a neutral solution is illustrated by its reaction with a 
ise salt according to the expression: 
lO. + 3 MnCli + 2 H5O -> 5 MnOj -h 2 KCl + 4 HCl. 
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In thia reaction the degree of oxidation of the manganese changes 
from (2 X 4) - 1, or + 7, to (2 X 2), or + 4, and the oxidizing 
capacity of one molecule of the permanganate is 3. Its behavior 
in reactions of this type is therefore correctly represented by the 
expression: 

(4) 2 KMnOi ^ K^O + 2 MnOi + 3 0. 

This reaction like (2) is an ideal conception and does not take place 
with appreciable velocity unless some ^ent which is capable of 
utilizing the available oxygen is present. It should be noted that 
the normal value of potaaaium permanganate is either one-fifth or 
one-third of its molecular weight accordii^ to whether it is used, 
in an acid or in a neutral solution. 

Factors Which ASect Permanganate Reactions. When thia 
retigent is used in an acid solution some judgment must be exer- 
cised with respect to the character and concentration of the acid 
present. Nitric acid is usually to be avoided, since it is itself a 
strong oxidizing agent, and many of the organic acids are ob- 
jectionable since some of them reduce potassium permanganate. 
Hydrochloric is often objectionable owing to the possibility of a 
reaction taking place, which is represented by the expression: 

(5) 2 KMnO^ + 16 HCI ^ 2 KCl + 2 MnCI^ + 5 Cla -|- 8 H^O. 
In the presence of certain metallic ions, especially iron, gold, plati- 
num and cadmium, this reaction takes place even in moderately 
dilute cold solutions, and hence erroneous results and unsatisfac- 
tory end-points are obtained in the titration of such solutions. 
In the absence of these ions the presence of moderate concentra- 
tions of hydrochloric acid is not objectionable. Various theories 
have been advanced to explain this phenomenon, but the assump- 
tion that the ions named act as positive catalyzers is as satisfac- 
tory as any. The effect of these ions is largely inhibited by the 
addition of large amounts of a manganous salt, that is, the man- 
ganous ion seems to act as a negative catalyzer for reaction (5). 
Altho it is possible to counteract the effect of moderate concen- 
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rations of hydrochloric acid, even when positive catalyzers ■ 
present, by the addition of manganous sulfate the conditions whidi ^ 
make such an addition necessary should be avoided whenever 



In view of the above statements sulfuric acid is usually employed 

, in all titrations with potassium permanganate which are effected 

in acid solutions. The concentration of hydrogen ion necessary 

to make such reactions complete and instantaneous varies, Re- 

[ action (!) is found to be sufficiently complete even when 1 ec. 

I of concentrated acid per 100 of solution is present; that is, where 

H) = 0.35. If the amount of acid added exceeds 40 cc. per 100 
f solution, especially if the temperature is much above 20°, a 
' further secondary reaction becomes possible which is expressed by 
the equation 
(6) 2 KMn04 + 3 HjS04 -> KSOi + 2 MnSO» + 2.5 Oj + 3 HjO. 

Determination of the End-Point, A single drop of a one-tenth 
normal solution of potassium permanganate, that is, one contain- 
ing 3.16 gm. per liter, imparts an easily recognizable pink color 
to 200 ce. of water. Since potassium and mai^anese sulfates 
impart no color to aqueous solutions no special indicator need be 
uaed, provided the compound which is oxitlized yields products 
* colorific value is sufficiently small. Thus the true end- 
£isaction (1) can be easily and accurately recognized, mnce 
r imparted to the solution by the small eoncentra- 
aent at the end-point of the titration is negli- 
sdth the pink color produced by one dr<q) of 
i^t) other reactions, such as the reaction by 
J oxidized to ferricyanides, the red color 
a before the end-point is reached leads to a 

more important determinations which 
nd permanganate solution may be eon- 
four groups. 
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First, the direct oxidation of certain metallic elements from a 
lower to a higher degree of oxidation, including, in addition to iron 
and manganese, the elements copper, tin, arsenic, antimony, tita- 
nium, molybdenum, tungsten and uranium. Some of these proc- 
esses are unsatisfactory or are leas convenient than other methods. 

Second, the direct oxidation of certain inoi^anic acids or their 
salts, including nitrous acid, which is oxidized to nitric; aulfuroua 
acid, which is oxidized to sulfuric; sulfhydric acid, which is oxi- 
dized to sulfur and water; ferrocyanic acid, which is oxidized to 
ferricyanic acid; sulfocyanic acid, which is oxidized to hydro- 
cyanic and sulfiu-ic acids, and hydrogen peroxide wliich is oxidized 
to oxj'gen and water. 

Third, the direct oxidation of certain organic substances such 
as oxalic and formic acids, and tannin. 

Fourth, a large number of indirect determinations. They would 
include elements which form insoluble compounds with the acids 
enumerated in the second and third groups, and which can there- 
fore be separated from solution, treated with a stronger acid and 
the liberated acid titrated. Of especial interest is a method for 
the determination of phosphorus' which involves precipitating that 
element as ammonium phosphomolybdat-e, separating from the 
solution, redissolving and reducing the molybdenum in the solu- 

tand titrating the latter. 



II, Preparation and Standardization of a Pbh- 

MANGANATE SOLUTION 



i 



reparation. Nearly all of the determinations commonly 
with potassium permanganate are carried out in an acid 
solution. A solution of one-tenth normal strength, assuming 
that the oxidizing power is five, is usually prepared; it should 
contain 3.16 gm. per liter. If it becomes desirable to use such a 
solution for determinations which are carried out in the absence 
of an acid it should be remembered that it is only 0.06 normal for 
all such determinations. 
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The potassium pennaj^anate sold by dealers, even tho marked 
C.P., usually contains small amounts of manganese dioxide; further, 
when tUasolved in water more manganese dioxide slowly separates 
owing to the reducing action of the small amount of organic matter 
usually present even in distilled water, and to the action of l^t. 
The insoluble dioxide seems to catalyze this action and leads to 
the production of fiulher amounts of ^oxide. Hence it is desir- 
able to allow the prepared solution to stand for twenty-four hours, 
that is, until the easily oxidizible orgamc matter is entirely con- 
sumed, then to remove the dioxide and other insoluble impuritiea 
by fUterii^ thru asbestos, and to pr^erve the solution in a pei^ 
fectly clean bottle which is protected from strong sunlight. Under 
these conditions a solution can be preserved for many montha 
without appreciable reduction in strength. 

Methods of Standardization. A large number of substances 
have been and are still used for the standardization of pemuai- 
ganate solutions. Pure metallic iron, which has been deported 
on a weighed platinum dish by means of an electric current, has 
many advantages, but since this deposit contains small amoimtsof 
carbon, which has a large reducing power, the results are slightly in- 
accurate. Pure ferrous ammonium sulfate, FeSOi(NH4)iSO«'6 B/ii 
is still more convenient but the purity of the salt sold under tMfl 
name cannot be assured, and it is necessary to test each sample 
for its reducir^ power by some independent process. Oxalic arid 
is sometimes used, but unless prepared under certain d^niW 
conditions its purity CEinnot be depended upon. 

The most satisfactory standard is sodium oxalate, which c&n be 
prepared to correspond with the formula NajC204 under condttints 
first determined by Sorensen.* The proper conditions for its pre|)- 
aration, and methods of ascertaining its purity were more carefully 
elaborated by Blum,t and samples of guaranteed purity can^ 
be purchased from the Bureau of Standards at Washingtoi 

• Zeit. fijr onalyt. Cbemie, 42, 513 (1903). 
t Jour, of Am. Chem. Soc. 31, 123 (1912). 
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fc Condidons for Titration of Sodium Oxalate. Oxalic acid can 
^■e completely oxidized by potassium permangaiiate according to 
^fte reaction : 

B) 5 CjHsO^ + 2 KMnOi + 3 H2SO4 -y 10 CO2 + K^SO, 

W +2MnS04 +8HsO. 

■^ At ordinary temporaturog the velocity of this reaction ia very 
^■Qall, but at 60° it proceeds almost instantaneously, and after the 
^■action has once been initiated it proceeds fairly rapidly, even 
^Btbe temperature falls below 60°. The concentration of hydro- 
^Bn ion necessary to make the reaction complete and instanta- 
^Hsous is somewhat greater than that necessary for the oxidation 
^B iron. Either sulfuric or hydrochloric acid can be used to sup- 
^Hly the necessary concentration of hydrogen ion. 
^H Outline of Method of Procedure. Weigh out 6.32 of pure crys- 
^BUized permanganate into a 400 cc. beaker, add 250 cc. of water, 
^Hbrm sUghtly and stir for a few minutes, then pour the clear 
^■pematant Hquid into a 2000 cc. flask; again add water, warm, 
^Br and pour into the flask, and continue this cycle of operations 
^Bitil all of the salt has been brought into solution, Altho the salt 
^1 highly soluble the rate of solution is low and some time can be 
^Kred by proceeding as directed. Finally, dilute to 2000 cc. and 
^Hlow to stand for at least 24 hours. Prepare an asbestos filter 
^Kd connect with a clean two-liter bottle as shown in Fig. 58, 
^Ben filter the permanganate solution thru it. Keep the bottle 
^B a dark closet or cover with opaque paper. 
^BDry some pure sodium oxalate (Sorensen) for a half hour at a 
^Bbperature of 250°. Weigh out from 0.25 to 0.3 gm. into a 
^BE^ cc. beaker, add 200 cc. of water, then slowly add 5 cc. of con- 
^^ktrated sulfuric acid. Heat the solution to 80° and titrate 
^|pwly, adding the permanganate solution until a faint but per- 

Dianent pink color appears. 

Divide the weight of sodium oxalate weighed out by the volume 

of penpax^ftnate solution used and then divide the quotient by 
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the weight of sodium oxalate present in a normal solution of that 
reagent to determine the relation of the permanganate solution 
to normality. Since one molecule of sodium oxalate yields one of 
oxalic acid, and since the reducing power of the latter is two, 
1 cc. of normal sodium oxalate should contain one two-thousandth 
of its molecular weight expressed in grams. 

III. Detehmlnation of Iron in Cast Iron 
Interfering Elements. Cast iron usually contains several per 
cent of silicon and carbon and smaller amounts of manganese, sul- 
fur and phosphorus. If dissolved in sulfuric acid the silicon forma 
silicic acid, the manganese forms manganous sulfate, the phos- 
phorus forms phosphorous acid and that part of the carbon which 
exists in the form of graphite separates as such, but that part 
which exists as iron carbide (FeaC) yields more or less volatile 
hydrocarbons. Even if the resulting solution is heated to boiling 
it will be found to reduce more iron than would correspond to the 
iron present. The simplest method of overcoming this difficulty 
is to destroy these reducing substances by a preliminary treatment 
with potassium permanganate, reduce the iron necessarily oxidized 
by this treatment and again titrate with the jwrmanganate solu- 
tion. If a slight excess of permanganate is used and the solution 
heated during the preliminary oxidation, a more complete oxidar 
tion of these reducing substances than is effected in the final 
titration can be assured, and experience shows that the products 
formed, which are in part carbon dioxide and water, are not 
reduced by the method used for the reduction of the iron. 

Methods of Reducing Iron. The reducing agents employed 
for this purpose must be slightly soluble solids or gases, otherwise 
the excess necessarily used cannot be removed. Of the pos^ble 
jplid regents, metallic zinc, aluminum, magnesium and lead are 
it frequently used. The reactions concerned can be represented 
he expression : 

Fe-CSOOs + Zn ^ 2 FeSO. + ZnSO, 




M 
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Reduction with these reagents is always effected in a solution 
strongly acidified with sulfuric acid, but the hydrogen which ia 
also produced haa no effect on the degree of oxidation of the iron, 
and reduction takes place only at the suiface 
of the metal used. Of the metals named, 
aluminum acts somewhat more rapidly than 
zinc or magnesium, and is not acted upon to 
the same extent by the free sulfuric acid 
present; on the other hand, it is very difficult 
to obtain the metal sufficiently free from iron. 

Of the gaseous reducing agents, hydrogen 
sulfide, which ia oxidized by ferric iron to 
sulfur and water, and sulfur dioxide, which 
is oxidized to sulfuric acid, are most fre- 
quently used. Both reagents reduce the iron 
rapidly and completely, and boiling for a few 
minutes expels the excess used completely. 
The finely divided sulfur which is formed 
when the former reagent is used b without 
appreciable action on the permanganate solu- 
tion unless the solution ia hot. When sulfur 
dioxide is used the best results are obtained 
when the solution contains a very slight 
excess of free acid only. 

Use of the Jones Reductor. Since reduc- 
tion takes place only at the surface of the 
metal used, the process is a slow one, espe- 
cially if the solution has a lai^e volume. If, 
however, the motal is reduced to a fine state 
of division and the iron solution passed slowly 
thru a tube filled with it, both the total amount of metal con- 
sumed and the time required for complete reduction are very 
greatly reduced. This principal is made use of in the Jones 
' reductor represented in Fig. 61. Its use often decreases the time 
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"^ needed for complete reduction from two hours to fifteen minuteH. 
In usii^ it care should be taken to prevent air from coming into 
contact with the zinc while the solution is being reduced, as it has 
been shown that a small amount of hydrogen peroxide, which is 
subsequently oxidized by the permanganate, may be formed under 
these conditions. 

Outline of Method of Procedure. Prepare the sample either 
by drilling out about 10 gm. of fine powder, or by turning off an 
equal amount of thin shavings from the metal to be analyzed. 
Weigh out 0.25 gm. of the powdered sample into a 200 cc. beaker, 
add 25 cc. of dilute sulfuric acid, warm gently and allow to stand 
until no more hydrogen is evolved, and only gelatinous silicic acid 
and graphite, which float in or on the solution, remain. Add 
sufficient permanganate solution to impart a deep red color to the 
mixture, even after it has been warmed to 50°. Dissolve the 
precipitate of manganese dioxide, which usually separates, by 
heating and if necessary adding a very small amount of sodium 
sulfite and expelling the sulfur dioxide formed. Filter the mix- 
ture, using a 9 cm. filter and washing the latter free from iron, 
but endeavor to keep the total volume leas than 100 cc. 

Prepare a Jones reductor as follows: Dissolve 5 gm, of metallic 
mercury in 50 cc. of dilute nitric acid and dilute the solution to 250 
cc. Add 250 gm, of granulated zinc, which is fine enough to pBfls 
a 20- but not fine enough to pass a SO-mesh sieve. Stir the mix- 
ture for a few minutes, then pour off the solution and wash the 
residual metal until free from nitric acid and nitrates. Place a 
disk of perforated platinum foil in the bottom of the reductor tube, 
cover this with a thin layer of glass wool and finally fill with ti*e 
amalgamated zinc as far as the cuplike enlargement at the top. 
Connect the tube with the flask and the latter with a suction pump- 
Rinse out the tube by passing thru it 250 cc. of dilute sulfuric 
acid (5 of cone, acid to 100 of water) being careful never to let tbe 
liquid get below the top of the zinc column. 

Next pass the iron solution thru the reductor, 
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pump so aa to require about fifteen miriutes for the passage of 
the entire solution, and as soon as the latter reaches the top of 
the zinc column rinse out by the use of 200 cc. of dilute sulfuric 
acid. 

Remove the flask from the reductor tube and titrate the solution 
without delay. Calculate the percentage of iron present in the 
solution, noting that since its degree of oxidation is increased from 
two to three its reducing power is one. 

IV. Determination op Potassium Nitbite in the Com- 
mercial Salt 

Theory of the Method. The action of pota.'fsium permanga- 
nate on nitrous acid is represented by the expression: 
(9) 5 HNOs + 2 KMnO, + 3 H^SOi -* 5 HNO3 + KsS04 
+ 2 MnSO, + 3 HaO. 

When nitrous acid is titrated with potassium permanganate in 
a dilute solution the reaction is complete and instantaneous aa 
long aa either reagent is present in moderately large excess, but 
as the end-point is approached the rate of action becomes extremely 
slow, and it is not possible to determine the correct end-point with 
even approximate accuracy. If, however, an excess of perman- 
ganate is added to the nitrous acid solution the latter is rapidly 
and completely oxidized, and the excess of permanganate used 
can be determined by titrating with a standard solution of a 
ferrous salt, or by adding an excess of a ferrous salt and titrating 
back with the permanganate; there is little danger that reaction 
(9) will reverse, that is, that nitric acid will be reduced to nitrous 
acid by either the ferrous or manganoua salt present, provided the 
solution is cold and dilute. 

Potasaum nitrite is decidedly hygroscopic and an average 
sample cannot be obtfuned unless it is thoroughly mixed and unless 
several grams are weighed out. It does not ordinarily contain 
Buy other substances which interfere with the titration. 
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Outline of Method of Procedure. Prepare a solution of ferrous 
sulfate by dissolving 28 gm. of the crystallized salt (FeSOi*? HsO) 
in water, adding 10 cc. of concentrated sulfuric acid and diluting 
to one liter. Determine the volumetric relation between this and 
the permanganate solution by titrating 25 cc. 

Weigh out 2 gm. of the well-mixed sample in a weighing bottle, 
dissolve and dilute to 250 cc. in a graduated flask and mix thor- 
oughly. Remove 25 cc. of this solution to a 250 cc. beaker or 
Erienmeyer flask, add exactly 50 cc. of the permanganate solution 
and allow to stand for a few minutes. Next add 5 cc. of dilute 
sulfuric acid and shake or stir for a few minutes, then add 25 cc. 
of the ferrous sulfate solution and finally titrate with the perman- 
ganate solution. Calculate the volume of permanganate solution 
which would be equivalent to the 25 cc. of ferrous sulfate solution 
used and subtract from the total volume of permanganate em- 
ployed. Calculate the weight of KNO2 corresponding to this 
volume of permanganate, assuming that the reducing power of the 
KNO2 is two. Report the per cent present in the sample. 

V. Determination of Calcium in Limestone 

Theory of the Method. The insolubility of calcium oxalate 
and the ease with which oxalic acid can be titrated with potassium 
permanganate forms the basis of an exceedingly useful indirect 
method for the determination of this element. The accuracy of 
the method depends, first, upon the completeness with which the 
oxalate can be separated from the solution and from any other 
oxalates which may be occluded or co-precipitated with it; second, 
upon the completeness of the reaction: 

(10) CaC204 + H2SO4 ^ CaSOi + H2C2O4, 

and third upon the equilibrium constant of reaction (7). The 
first of these factors is discussed in Chapter XXIV and it is there 
shown that even in the presence of magnesium the error involved 
in the separation can be made very small. The constant for 
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f^HMitlim (10) In \Mf/fi Ninoit tint diMMMtlniiott <iotmli4ni of oxnilo mM 
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(^ulnulnto tthd rnport thn pnronntfiKn of ( W) prnNnnt, noting tlmt 
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since one atom of calcium precipitates one molecule of calcium 
oxalate and the latter yields one molecule of oxalic acid, which has 
a reducing power of two, the correct per cent is given by the 
formula ; 

- X 100 = per cent CaO, 



2 X 1000 wt. of sample 

in which N represents the normality of the solution used. 



VI. Questions and Problbm9. Series 23 



1. Outline the method of reasoning by which you decide upon the reduc- 
ing capacity of the two metallic clemGnts and the two acids oxidized by 
potBBSum permanganate according to the equations given below : 

2 KMnOi + 5 Tii(SOi), + 8 HjSO, -* 10 Ti(SO.), + KjSO, + 2 MnSO. 

+ 8HiO, 
2KMdO, + 5U{SO.)i + 2Hj0^5(XIOs)SO. + K^. + 2MiiSO. 

+ 2H,ao., 

14 KMnOi + Mo«0„ + 21 H,SO, ->■ 24 MoO. + 14 MnSOi + 7 K,SOi 

+ 21 H,0, 
12KMnO, + 10 HCNS + 8 H,SO, -> 10 HCN + 6 KjSO* + 12 MnS04 

+ 8H^, 

•nt the reactions in which potassium permanganate ojddixes tin 
to the quadrivalent condition, and arsenic and antimony . 
I the quinquivalent condition in acid solutions. 
te on calcium carbide CiHi is produced, when it acta 
i CH( is produced, what are the probable tormulffi of 

phosphorus would be represented by one cc. of a one- 
of potassium pennonganate assuming that the phos- 
id as (NHi)jP0fl2 MoOi, the precipitate dissolved and 
id the latter titrated by the reaction given in the first 

copper would be represented by one cc. of a one-tenth 

itaeaium permanganate, assuming that the copper was 

and the precipitate oxidized to CiiSOi, HCN a 

Lte solution? 




3CN and I 
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, What weight of potaasium permanganate should be present in one cc. 
of the solution in order that each cc. should represent three milhgramB of 
manganese if precipitated by reaction (3)? 

7. How much antimony would be represented by one ce. of a solution 
containing 3 gnv. of KMbO. per liter, assuming that the antimony is pre- 
cipitated as sulfide, the sulfide added to a solution of ferric sulfate and the 
reduced iron titrated according to the reactions: 

5 Fej(SO,)i + Sb,S, + 6 H,0 ^ 2 HSbO, + 3 S + 10 FeSO, + 5 H,SO,, 
2 KMnO. + 10 FeSO. + 8 H^SO. -. 5 Fe,(SO,), + K,SO, -|- 2 MnSO. 
-|-8H,0 

8. In determining iron in a sample of cast iron which contained 95 per cent 
of iron and 3 per cent of carbon, one-tenth of the latter remains in solution as 
CiHi and is oxidized to carbon dioxide and water by the permanganate, what 
is the error in the determination of iron? 

9. Suggest indirect methods for the determination of the elements arsenic 
cobalt and unc in which potassium permanganate is used as the oxidizing 

10. In the determination of iron in cast iron, (a) why dissolve in HsSOi 
rather than HCl or HNOa, how would the result be affected (b) if the pre- 
cipitate of MnOi was not dissolved, (c) if an excess of NaaSOj was used and 
the solution was not heated, (d) if the HsSO« used to wash out the reductor 
contained small amounts of HNOj, (e) if the sample contained small amounts 
of Cu, or Mn, or Cr or A17 



J 



CHAPTER XLVI 

DSTERMINATIONS WITH POTASSIUM DICHROHATB 

I. POTASSIXTM DlCHBOHATE AS AN QxiDIZING AgENT 

Oxidizmg PotentiaL This .reagent is used as an oxidinng 
agent in an acid solution, and altho in its general behavior it 
resembles potassium x)ermanganate the data ^ven in the table 
on page 320 shows that its oxidizing potential is somewhat less. 
The salts of certain metals which are completely oxidiaed from a 
lower to a higher d^ree of oxidation by the xiermanganate are 
only partially oxidized by the dichromate; fiurth^, the dichromate 
has but little action upon oxalic and other organic acids unless the 
solutions used are hot and concentrated. Its solutions are so 
stable that they can be preserved for months without loss of 
strength, even when exposed to strong sunlight. 

Oxidizing Capacity. The oxidizing capacity of this reagent is 
best shown in the reaction which takes place when it is brought 
into contact with a ferrous salt, and which can be expressed as 
follows : , 

(1) KsCraOr + 6 FeCh + 14 HCl -^ 6 FeCU + 2 KCH- 2 CrCU 

+ 7H2O 

Since this reaction involves the reduction of the chromium from 
chromium trioxide, whose degree of oxidation is represented by 
+ 6, to a salt of chromium, in which the degree of oxidation is 
represented by + 3, the oxidizing power of one molecule of the 
dichromate, which can be regarded as a combination of one mole- 
cule of potassium oxide Tvith two of chromium trioxide, is two 
times the difference between six and three or six. The decomposi- 
tion of the dichromate may also be represented by the equation: 

(2) KaCraOT -> K2O + CrjCH + 30. 

336 
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Tlie latter, like the corresponding equation tor the permanga- 
nate, ia an ideal conception only, and does not take place in solution 
unless it contains a sufficient amount of acid to take up the oxides 
of potassium and chromium, and a reducing agent of sufficient 
strength to utilize the available oxygen. 

Conditions Necessary for the Titration. Reaction (1) ia both 
complete and instantaneous if a concentration of hydrogen ion 
corresponding to that represented by about 1 cc. of the concen- 
trated hydrochloric acid per 100 of solution is present. There is 
but little danger of interaction with the acid itself and consequent 
liberation of chlorine, unless the solution is hot, or unless the 
concentration of acid exceeds forty times the minimum value 
named. Sulfuric acid, if added in amounts sufficient to yield 
concentrations of hydrogen ion equal to that resulting from the 
minimum concentration of hydrochloric acid named, can also be 
used to acidify the solution. 

Determination of the End-Point. The intensity of the yellow 
fiolor of solutions containing Cr^Oi ions is much less than the red 
color of those containing corresponding concentrations of Mn04 
ions, and furthermore the Cr ions formed when CraOv or CrO* 
are reduced, impart a very intense green color to the solution. 

In the titration of iron salts the end-point can be determined 
by the use of a test which distinguishes between ferrous and ferric 
ions ; in the titration of other reducing agents it becomes necessary 
to add Ein excess of the dichromate solution, and to determine 
the amount added in excess by titrating back with a standard 
solution of a ferrous salt. 

Potassium ferricyanide reacts with a ferrous salt as follows: 
(3) 2 K3Fe(CN}fl + 3 FeClj -* FejfFeCCN),], + 6 KCl. 

The ferrous ferricyanide produced is insoluble even in acid solu- 
tions, and has a very intense blue color. It is possible to recognize 
by this test one part of ferrous ion in one hundred thousand of 
water. Ferric salts do not react with the reagent, but when the 
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(XHioentniliQQ of the ferric ions is suflSciently large and tiiat of the 
f arrous irais small, the ydloir cdor of the ferric ion masks the blue 
c(dc»ution mxnially produced by the indicatcx* and ^es a green 
ooioTsJdasL 

If the indicator is added directly to the sduticm in which the 
titration is being made the forous f ^ricyanide precipitate pro- 
duced remains una£Fected, even after an excess of potassium di- 
chromate has been added. It becomes necessary, therefore, to 
use liiis reagent as an "outside indicator/' that is, to remove and 
test a drop of the solution from time to time during the titration. 
These tests will first yield a deep blue precipitate; slightly before 
the true end-point is reached they will show a green coloration; 
at the true aid-point a dear yellow; and whai an excess of di- 
chromate is present a sli^t brown. 

The accuracy of liiis method of determining the end-point is 
affected by a number of details. If the indicator solution used 
has stood for more than twenty-four hours in statmg sunlight it 
will be found to contidn some f errocyanide and hence will give 
misleading results. If its concentration exceeds one-fifth of one 
per cent, the end-points are not clearly defined. Further, the size 
of the drop of indicator solution used, as compared with the size 
and concentration of the drop of solution which is tested affect the 
final color. Even those tests which show no reaction for ferrous 
iron at first, gradually develop a blue color, owing to the gradual 
reduction of some of the iron by the light, and hence a definite 
time interval should be observed in judging whether the true end- 
point has been reached. 

Special Advantages of Potassium Dichromate. This reagent 
does not oxidize hydrochloric acid, even in the presence of iron 
salts, and hence it can often be used when potassium perman- 
ganate cannot be employed. Since most of the ores of iron can- 
not be brought into solution without the use of hydrochloric acid, 
and since the iron in such ores can be reduced more rapidly by the 
use of stannous chloride than by any other method, the process is 
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peculiarly adapted to the determination of iron in iron ores. Aitho 
it oxidizes a number of other metals by reactions which are both 
complete and instantaneous it is rarely used for the determina- 
tion of such metals, owing to the difficulty of ascertaining the 
end-point of these reactions, 

II, Preparation and Standardization of a Dichbomatb 

Solution 
Method. The potassium dichromate sold by dealers often 
contains small amounts of potassium sulfate, but can be easily 
purified by recrystallization. Since the salt is not appreciably 
hygroscopic an accurately standardized solution can be prepared 
by weighing out a definite amount, dissolving, and diluting to the 
proper volume. As the solution is most frequently used for the 
J determination of iron it is convenient to prepare it according to 
the unitary system, that is, so that 1 cc. will oxidize exEictly 0.005 
gin. of Fe. As already noted there are a number of factors which 
affect the method used to determine the end-point of the reaction, 
and it is always advisable to check the theoretical value of the 
solution by titrating it against a known weight of a pure ferrous 

' ammonium sulfate under deflmte conditions. 

Detailed Outline of Method. Weigh out exactly 4.39 gm. of 
the pure salt, dissolve in water and dilute to exactly one liter. 
Weigh out 1 gm. of pure ferrous ammonium sulfate, dissolve in 
100 cc. of water, add 5 cc. of concentrated hydrocliloric acid and 
titrate with the dichromate solution. Use as an indicator a 
freshly prepared solution of potassium ferricyanide made by dis- 

' solving a crystal of the pure salt as large as a grain of wheat in 
25 cc, of water. Add at once to the iron solution 26 cc. of the di- 
( hromate solution, and then test the mixture for unoxidized iron 
liy bringing a drop of it into contact with a drop of the indicator 

I on a porcelain plate, or piece of glazed white paper. If the test 
shows an intense blue color continue adding the dichromate solu- 

I lion in quantities of two-tenths of a cubic centimeter at a iimo 
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until the test shows a light blue only, then continue adding in 
quantitiea of two drops at a time until, after passing thru various 
shades of blue and green, the tests show a clear yellow only which 
persists for at least two minutes. Calculate the weight of iron 
actually oxidized by 1 cc, of the solution. 

III. Determination of Ikon in Ibon Ores 
Decomposition. The more easily soluble ores of iron, includ- 
ing siderites, which are mainly ferrous carbonate, and many of the 
hematites and magnetites, which are mainly ferric ojdde and fer^ 
rous-ferric oxide respectively, are dissolved by treatment with 
warm concentrated hydrochloric acid. The action of this acid is 
greatly intensified by the addition of a small amount of stannous 
chloride. A small amoimt of insoluble residue resulting from 
treatment with these reagents is usually assumed to be free from 
iron and disregarded, providetl it is of a pure white color; it may 
contain small amounts of iron in the form of an insoluble siUcatc. 
Many samples of limonite ores, which contain carbonates and 
sometimes organic matter, and many ores which contam sulfur, 
yield to the hydrochloric acid and stannous chloride, only after 
ignition in an open crucible; this treatment also oxidizes the 
organic matter, the presence of which might lead to high resulte. 
The more difficultly soluble ores, including many varieties of 
hematite, m^netite and Hmonite and all ores contiuning iron in 
the form of an insoluble silicate, are most easily and completely 
decomposed by fusion \vith sodium peroxide. This treatment 
yields ferrates and silicates of sodium, also aluminates, chromfttes 
and manganates if these elements are present, all of which com- 
pounds are easily decomposed by hydrochloric acid. The exoeea 
of BodJum pero.'dde used, also the chromat«s and mai^anatee, ore 
completely reduced by heating with hydrochloric acid and any 
chlorine which may be liberated is either volatilized or is reduced 
by the stannous chloride used to reduce the iron. 

The action of the molten peroxide of sodium on platinum cni- 
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cibles is sufEeiently energetic to render their use unadvisable; its 
action on nickel is also appreciable and both nickel and iron, small 
amounts of which are usuaUy present in the metal of which such 
crucibles are made, are usually introduced into the resulting solu- 
tion in sufficient amounts to produce appreciable errors. Crucibles 
of silver may be used to advantage but well-glazed porcelain ones 
answer very well, for although the glaze is gradually disintegrated 
no error is introduced as it does not contain iron, and the crucible 
can usually be employed for several analyses. 

Reduction of Iron by Means of Stannous Chloride. Ferric 
salts can be reduced by stannous salts as represented by the 
equation 

(4) SnCU + 2 FeCIs -^ SnCl, + 2 FeCIj. 

This reaction is almost complete and instantaneous provided 
the solutions concerned are hot and concentrated, and provided a 
rather large concentration of hydrochloric acid is also present. 
Since solutions of ferric salts, especially when hot and when CI 
ions are present, possess an intense red or yellow color, whereas 
-solutions of ferrous salts show a slight greenish color only, the 
\xnni at which sufficient stannous chloride has been added to com- 
[iletely reduce the iron in a solution can be determined with suffi- 
cient accuracy by noting the color changes of the solution. 

It is scarcely possible to reduce ail of the iron in a solution with- 
out introducir^ a slight excess of stannous chloride and since the 
kitter reduces chromic acid, this excess must be oxidized before 
titration, without at the same time reoxidizing any of the iron. 
This can be effected by means of mercuric chloride which easily 

idizes the tin but not the iron, and is itself reduced to insoluble 
•curous chloride, which compound is not affected by chromic 
'acid. If, however, the solution is hot, and if its concentration 
with respect to stannous chloride is large as compared with that 
cf the mercuric chloride the reduction may go farther and metallic 
mercury may be formed, which tiniike mercuroua chloride is 
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capable of reduciDg duromk add. For this reaaaa care must be 
taken in using this proces to add a di^ ezceas of stannous 
chloride ooly, to cool or dihite before adding the mercoiic chloride, 
and to add a rdativdy laige amount of the latter. 

Effect of Ottier Hemepts on ttte Process. This method is not 
affected by the i^es^ice of even laige amounts of ahiminmn, 
manganese, zinc, cadmium, calcium or magneshnn. Ck)balt and 
nickel in small amounts are not objectioiiaMe, but large amounts 
affect the accuracy of the ^id-^XHnt. Chromium, in laige amounts* 
increases the difficulty of recognizing the point at ^diich the proper 
excess of stannous chloride has been added, but in small amounts 
is not objectionable. Copper, since it is reduced to the cu^ntous 
form by stannous chloride and reoxidized to the cui»ric form by 
the dichromate, increases the amount of standard solution used 
almost in proportion to the amount present and also masks the 
end-point. Antimony and titanium are also reduced by stannous 
chloride and partly oxidized by the dichromate and hence yidd 
high results. If solutions containing either copper, antimony or 
titanium are reduced by hydrogen sulfide instead of stannous 
chloride, correct results can be obtained, since the two first- 
named elements are precipitated and can be removed by filtra- 
tion, and the last is not reduced. 

Outline of Method for an Easily Soluble Hematite or Magne- 
tite Ore. Weigh out 1 gm. of the finely ground sample into a 
covered beaker, introduce 20 cc. of concentrated hydrochloric 
acid and about five drops of stannous chloride solution, cover with 
a watch glass, and allow to digest on a sand bath until the residue 
is a pure white color. Rinse the cover and sides of the beaker and 
transfer the solution to a 100 cc. graduated flask. Cool to room 
temperature, dilute to exactly 100 cc. and mix thoroughly. 

Remove 25 cc. of the solution to a 200 cc. beaker by means of 
a pipet, add 5 cc. of dilute hydrochloric acid, heat to boiling, and 
then add stannous chloride solution a drop at a time until the 
solution is colorless, but carefully avoid adding more than one 
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^piiop in excess. Cool the solution slightly, add 50 cc. of water and 
then 10 cc. of a saturated solution of mercuric chloride. This 
should produce a white, crystalline, precipitate of mercurous chlo- 
ride; if it does not do so an insufficient amount of stannous 
chloride was used; if the precipitate is black or gray too much 
was used and the results will probably be too high. 

Titrate with the dichromate solution eis in the standardization, 
adding it in quantities of 2 cc. until the testa show a change from 
a deep blue to a light blue, then add the titrating solution until 
the proper end-point has been reached. With some experience 
it is possible to obtain a good end-point with the first portion of 
solution used; beginners usually find it necessary to titrate a 
second portion, profiting by the experience previously gained. 
Calculate the per cent of iron present. 

Determination of Iron in a Difficultly-soluble Ore. Weigh out 
into a 20 cc. glazed porcelain crucible approximately 3 gm. of 
sodium peroxide, avoiding the white crust often found on the 
surface, which consists largely of sodium carbonate and which, in 
addition to being less efficient in its action on the ore, has a much 
higher melting point. Weigh out accurately 1 gm. of the finely 
powdered ore, add to the crucible and mix with the peroxide with 
a platinum wire or glass rod. Place the crucible on a gauze, heat 
slowly until its contents fuse and keep at that temperature for ten 
minutes; this should produce a clear but deeply colored molten 

Allow the crucible to cool, distributing the molt«n mass over its 
inner surface by carefully tipping and rotating during solidification. 
Place the crucible in an evaporating dish, add 50 cc. of water and 
i slowly introduce an excess of hydrochloric acid. Remove and 
rinse off the crucible, heat the solution to boilir^ to decompose 
f the hydrogen peroxide formed, then transfer to a 100 cc. graduated 
flask and treat as in the analysis of easily soluble ores. 

The method outlined assumes that neither copper nor any of 
the other metals which affect the result are present. 
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IV. DETKBIflNATION OF CHBOlinTM IN ChBOIIITB 

Theoiy of flie Process. The leactioii between a aduble chro- 
mate and a f enrons salt can also be used for the detennination of 
the former by nang the method of back titration, that is, by 
adding an ezoess of a standard solution of f orous salt and then 
titrating with a standard dichromate sedation. Knee all com- 
pounds of chromium are readily converted into sduUe sodium 
chromate by foang with sodium peroxide the method is widely 
^[ypIicaMe for the determination of this dCToent. 

The mineral chrcmiite conasts of f orous oodde combined with 
the sesquioodde of chmminm, but many Ramples also contain 
magneEdum, aluminum, silicon, and sometimes manganese and 
nickd. When fused with sodium peroxide, chromates, ferrates, 
aluminates, silicates and manganates of sodium, also oxide of 
magnewimi and peroodde of nickd, if this dement is present or if 
the fusion is made in a nickd crucible, are produced. The fused 
mass is readily dfiantegrated by treatment with water, eqiecially 
if an excess of peroxide is present. The chromate and most of 
the silicate and aluminate dissolve readily; the permanganate also 
dissolves unless an excess of peroxide is present, the ferrate hy- 
drates and forms insoluble ferric oxide or hydroxide; the magne- 
aum and nickel oxides remain insoluble. Hence by digesting the 
fused mass, filtering off and washing the resulting precipitate a 
solution which contains all of the chromium as sodium chromate, 
and no substances which possess strong oxidiaring or reducing 
properties except the excess of sodium peroxide used, is obtidned. 
The peroxide is readily decomposed by heating the solution to 
boiling. There is evidently no objection to making the fusion in 
a nickel crucible. 

Outline of Metiiod of Procedure. Weigh out about 4 gm. of 
sodium peroxide, which should not contain much carbonate, into 
a 30 cc. nickel crucible. Weigh out one-half gram of the finely 
ground ore, add to the crucible and mix thoroughly with the 
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peroxide by means of a glass rod. Place the crucible on a wire 
gauze, heat until the mass fuses to a liquid and keep at this tem- 
perature for ten minutes. Decomposition of the sample will be 
greatly facilitated by seizing the crucible with a pair of tongs and 
gently rotating the contents. The resultii^ liquid mass will be 
of a dark red color and contain much suspended nickel oxide. 

Allow the crucible to cool, distributing the contents around the 
sides during solidification, then place in a capacious evaporating 
dish and add 100 cc. of water. Heat slowly to boiling and stir 
imtil the fused mass is completely disintegrated; remove the 
crucible from the dish and rinse it off; filter the resultir^ mixture 
thru a 11 cm, filter, receiving the filtrate into a 250 cc. graduated 
flask, and wash until the precipitate is free from soluble chromate. 
Cool the solution in the flask and dilute to exactly 250 cc. 

Measure out 50 cc. of the solution, acidify with hydrochloric 
acid, and add 5 cc. of the concentrated acid in excess; next add 
50 cc. of an approximately one-tenth normal solution of ferrous 
sulfate, and finally titrate with the standard dichromate solution. 
Titrate also a second 50 cc. portion of the ferrous sulfate solution 
directly with the dichromate solution. The difference between 
the amounts of dichromate solution used in the two titrations 
corresponds to the chromic acid formed from one-fifth of the ore 
weighed out. Calculate the percentage of chromium present. ^H 

V. QuBSTiONa anh PROsLBMa. Seribb 24 ^| 

1. In the standardization of a solution of potassium dichromate a solution 
ot a ferroiis salt, which has a volume of 100 cc. and contains 0.2 gm. of iron, 
ia used. In titrating an ore with the same solutioa 0.2 f;m. of iron is again 
present, but the solution has a volume of 600 cc. If the indicator used per- 
mits of the recognition of one part ot ferrous iron in 100,000, what error 
results from the faet that the two titrations are made at different volumes? 

8. What error might be expected in a determination of iron in an ore 
containing forty per cent of iron and two-tentha of a per cent of copper, 
assuming that the copper is completely reduced by the stannous chloride to 
the cuprous form and reoxidized by the dichromate? Ana. 0.17 per cent. 
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5. Write oat all of the reactioiis invidved in the detennination of cfaiomhmi 
in cfartHnite wfaidi contains, in addition to inm and dnomiam, afamiinumy 
manganese and nickd. 

4. Outline an indirect yohnnetric method for the determination of lead 
wfaidi makes use of a standard si^tiaa of potaasiam dichiomate. 

6. If a sohition of potassium diduncHnate is one-tenth n»mal when used 
as an oxidizing agent, what rdation does it bear to normality when used as a 
prec^>itating agent? 

6i. What volume of tenth-ncxmal potassium diduomate would be reduced 
by 0.1 gm. of iron, (a) when in the form of metallic iron, (b) wiien in the form 
of ferrous chloride, (c) when in the form of the magnetic oxide? 

7. Why is the oxidizing potoitial of potassium permanganate greato' in an 
acid than in a neutral scduticn? 

8. How could you dedde from the method used for the detennination 
of iron in an ore whether potassium dichromate would oxidize a stannous 
salt oompletdy? 

9. If the equilibrium constant of reaction (2) of page 316 is 0.1, what 
weights of ferric and forous nitrate would be present in a sohitiiHi whidi 
contained 1 gm. of ferric nitrate and had a volume of 479 cc., after an excess 
of metallic silver had been added? Ans. 0.073 and 0.689 gm. 




CHAPTER XLVII 

DETERMINATIONS WITH IODINE AND SODIUM THIOSOLFATE 

I. General Featobes of Iodomethic Processes 

Typical Reactions. Iodine acts directly as an oxidizing agent 
by taJting up a negative chaise and forming the iodine ion as rep- 
resented by ^M 



(1) 

and 
(2) 



Sn + 2 a + I, -* Sn + 2 CI + 2 1 



4Na 4- 2Ss03 + Is->4Na + SiOfl + 21, 



or indirectly, by reacting with water to form both iodine and 
hydrogen ions and thus rendering the oxygen of the water available 
as an oxidizing agent, as represented by: 



(3) 



3H + ^ 



•3 + Ii + HjO -> 5 H + AsO, + 21. 



Of these reactions (1) is practically complete, (2) is complete in 
a neutral solution and (3) can be made complete in either direc- 
tion by varying the concentration of hydrogen ion. 

In the presence of even small concentrations of a strong base 
iodine acts very differently since it is itself oxidized to IO3 iona as 
represented by the equation 



(4) 



6K + 6HO + 3Ii->6K + 5I + IOj + 3 HaO. 



The equilibrium constant of this reaction is small and altho it 
cannot be made the basis of a quantitative process it often pre- 
vents the use of iodine as an oxidizing agent in solutions which 
contain appreciable concentrations of hydroxyl ions. 
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The table of electrode potentials on page 320 indicates that the 
oxidizing potential of iodine is decidedly less than that of per- 
manganates and chromates, and of chlorine and bromine. Ex- 
perience shows that in the presence of a sufficient concentration 
of hydrogen ion all of these reagents oxidize the iodine ion to free 
iodine according to reactions, similar to (5), which are practically 
complete. 

(5) 12 K + 2 Mn04 + 10 1 + 16 H + 16 Ci-»5 Ii + 12 K 



+ 16Cl + 2Mn + 8H^. 

lodometric Processes. The facts outlined above suggest two 
classes of reactions which could be used as the basis of volumetric 
processes. In the first class certain reactions which involve the 
use of a standard solution of iodine, which acts either directly or 
indirectly as an oxidizing agent in either a neutral or acid solution, 
are used for the determination of certain substances conmaonly 
classed as reducing agents. Since the d^ree of oxidation of the 
iodine in all of these reactions changes from to —1, its oxidiz- 
ing capacity is always 1. In the second class certain substances, 
which are usually classed as oxidizing agents, are determined 
indirectly by causing them to react with an acidified solution of 
a soluble iodide and titrating the iodine liberated with a solution 
of a reducing agent. Both classes of processes are included under 
the term "iodometric." 

Preparation of an Iodine Solution. The solubility of iodine in 
water is too small to make the preparation of even one-tenth nor- 
mal solutions possible. In thepresence of an excess of potassium 
iodide an unstable but soluble periodide of the formula KIs is 
formed, which, in the presence of reducing agents, decomposes so 
readily into potassium iodide and free iodine that it can be used 
as though it were a simple solution of iodine. SoUd iodine is 
readily dissolved by concentrated but not by dilute solutions of 
potassium iodide and when a solution of the periodide has been 
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^Iprepared in this maimer it can be diluted up to a certain limit 
without causing free iodine to separate. The solution of iodine 
in potassium iodide probably contains in addition to normal 
iodine ions, ions of the formula I3. 

Preparation of a Standard Reducing Agent. A standard solu- 
tion of a reducing agent, which reacts completely with the iodine 
solution can be used to advantage for the readjustment of the 
standard of this solution, as it is much less stable than potassium 
permanganate; it is also necessary for processes based upon re- 
actions similar to (5). Sodium thiosulfate is by far the most 
satisfactory reagent for this purpose, as it is comparatively stable 
if the solution is kept neutral altho it is slowly decomposed by the 
carbon dioxide absorbed from the air if left exposed, 

Determinatioa of the End-Point. A single drop of one-tenth 
normal iodine solution imparts an appreciable color to 200 cc. of 
water and in many of the titrations made with this solution no 
indicator is necessary. If the solution titrated contains other 
color-yielding substances, or if greater accuracy is demanded, a 
solution of starch should be used as an indicator. Under favor- 
able conditions the presence of one part of free iodine in several 
million can be recognized, by this indicator, but the delicacy of the 
test and the character of the color produced are affected by a 
number of factors. It is decidedly less delicate when the concen- 
tration of iodine ions and of hydrogen ions is very small. If the con- 
centration of the free iodine present is large as compared with that 
of the starch, the solution has a green color; if this ratio is smaller 
it has a blue color; if the solution contains a large concentration 
of bicarbonates it has a reddish color. 

Standardization of the Iodine Solution. The iodine solution 
can be standardized by titrating against a previously standardized 
thiosulfate solution, or against a weighed amount of arsenious 
oxide or potassium antimonyl tartrate {tartar emetic). Owing 
to the ease with which it can be purified by sublimation the former 
substance is more generally used. 
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Since the action of the iodine solution is actually due to the It 
ions which it contains, the reaction upon which this method of 
standardization is based is properly represented by the expression 

(6) 3H+Afi08 + K + i8 + H^->5H + As64 + K + 3I. 

The equilibrium constant for this reaction has been found ^ to 
have the value 0.07 at 25° and therefore that 

(A^04) ^ (AsO,) = (0.07) . {h) -I- (H)» . (I)». 

The only factor which can be varied for the purpose of displacing 
the equilibrium in the desired direction and making the ratio 

(ASO4) -^ (A^Oa) very large is (H). Evidently (H) must be made 
small as compared with 0.07 if the oxidation of all the arsenic 
present is to be made reasonably complete when an equivalent 
amoimt of iodine solution has been added. Since hydrogen ions 
are formed as the reaction progresses it is also necessary to intro- 
duce some reagent, like sodium bicarbonate, which will keep the 
concentration of hydrogen ions small and which does not yield 
sufficient concentrations of hydroxy! ions to cause reaction (4) to 
take place. Experience has shown that the proper conditions are 
maintained if the solution has a volmne of 75 cc, if it is made 
neutral to phenolphthalein and if 2.5 gm. of pure sodium bicarbon- 
ate is added and the solution satiu^ted with carbon dioxide. 

II. Classification of Iodometric Processes 

Determination of Substances Oxidized by Iodine. Under this 
head are included the element tin, which is oxidized from the bi- 
te the quadrivalent condition even in the presence of acids, and 
arsenic and antimony, which are oxidized from the tri- to the quin- 
quivalent condition under the conditions noted in the preceding 
paragraph. Under the same head are included sulfurous acid 
which is oxidized to sulfuric acid in neutral or acid solutions; 

* Washburn, Jour, of Am. Chem. Soc., 80, 31 (1908). 



I 
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hydrogen sulfide, which is oxidized to sulfur and hydriodic acid 
under similar conditions; thiosulfuric acid, which is oxidized to 
tetrathionic acid (see reaction 2) under similar conditions; and 
salts of hydrocyanic acid, which are oxidized to cyanogen iodide 
and a salt of hydriodic acid in a neutral solution. 

Determination of Substances Reduced by Hydriodic Acid. 
Three factors can be varied for the purpose of making reactions 
similar to (5) sufficiently complete and rapid to make the deter- 
mination of oxidizing agents possible. First, a largo amount of a 
soluble iodide may be added for the purpose of making the con- 
centration of the iodide ions large. Thus the reaction in which 
the ferric ion is reduced may be made complete to such an extent 
as to make it useful in the determination of ferric salts by the 
use of a large excess of potassium iodide. 

Second, the concentration of the hydrogen ion can be made large 
by the addition of a strong acid. Thus altho chlorine and bro- 
mine are completely reduced by moderate concentrations of sol- 
uble iodides, cupric salts, also permanganate and chromates, are 
not completely reduced unless a small concentration of hydrogen 
ion is also present and arsenates and antimonates are not com- 
pletely reduced unless this concentration is very lai^e. 

Third, by increasing the temperature to the boiling point of the 
siilution the iodine formed is volatiUzed and the equilibrimn forced 
in the deared direction. Such determinations are necessarily 
rarried out in a distilling apparatus, in which all of the iodine 
formed is distilled into a receiver before being titrated. This 
(Irvice has been successfully used in the determination of molyb- 
denum which can be reduced from the hexa- to the trivalent 
condition. 

Indirect lodometric Determinations. A number of insoluble 
uxidizing agents, such as the peroxides of manganese and lead, 
are completely reduced by concentrated hydrochloric acid at 
moderately high temperatures and the chlorine produced can be 
distilled into a solution of potassium iodide, and the resulting 
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iodine titrated. This forms the basis of an indirect method for 1^ 
the determination of these oxides and in general of all osidiang L 
agents which are completely reduced imder these conditions. 

A second series of indirect processes represents combinations of 
precipitation and oxidation processes. As already noted chromic 
acid and its salts can be determined by reducing with potasaup 
iodide and titrating the resulting iodine; hence those metals which 
form insoluble chromates can be determined by adding a meas- 
ured volume of a standard solution of a soluble chromate, filtmng 
off the precipitate formed and determining the soluble chromote 
left in the filtrate; the amoimt of metal present can then be cal- 
culated from the difference between the soluble chromate added 
and that found in the filtrate. 

in. Outline of Method for Preparation of Solution 

Preparation of Iodine Solution. Weigh out 12.7 gm. of pure 
iodinC; place in a small beaker, add 20 gm. of potassium iodide 
and 20 cc. of water and stir occasionally until the iodine is com- 
plotoly dissolved. Dilute the mixture slowly to one liter and 
phioo in a clean bottle made of colored glass or one which is 
covorecl with opaque paper. 

Preparation of Starch Solution. Place about a gram of starch 
in a small beaker, add about 20 cc. of water and stir until the 
niixturo is smooth. Heat in a separate beaker 200 cc. of water 
to boiling, jx)ur the starch mixture into it and boil the resulting 
luixtiuv for thrw minutes, being careful to prevent any of the 
staroh fn>m settling to the bottom, for if it does so the beaker 
will on\ok. Allow the mixture to stand for several hours, then 
dooaiit otY the oloar jx^rtion. 

Standardization of Iodine Solutions. Weigh out 0.2 gm. of 
puri^ arsonious oxide, dis^iolve in 20 cc. of an approximately normal 
s<.>lution of sodium hydrv^xido, add a drop of phenolphthalein and 
thou dilute hydrv>ohlorio acid until the solution is just colorless. 
Dilute the solution to 7o cc.., add 2.5 gm. of sodium bicarbonate. 
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and paas carbon dioxide thru it until saturated. Add about 1 cc. 
of the starch solution, and titrate with the iodide solution added 
from a glass-stoppered buret until the mixture acquires a faint 
but permanent rose to purple color. Calculate the relation of the 
solution to normal strength, assuming that the reducing power of 
the arsenious oxide is four. 

Preparation of Thiosulfate Solution. Weigh out 24.8 gm. of 
pure crystallized sodium thiosulfate (NajSaOs-S HaO), dissolve and 
dilute to one liter. Measure out by means of a pipet 25 cc. of the 
iodine solution, dilute to 75 cc. and titrate with the thiosulfate 
solution. It will be found desirable to add the latter until the 
mixture has a very faint yellow color before adding the starch 
indicator and then to continue the titration until the mixture 
changes from blue to colorless. Calculate the relation which the 
thiosulfate solution bears to normal strength. 

IV. Determination of Arsenic in Paris Green 
Composition of Sample. Paris green is an aceto-arsenite of 
copper which ia largely used in combating insects injurious to 
cultivated plants. The composition of commercial samples varies 
and one of the factors which determine their value for the purpose 
indicated is the percentage of arsenic present. 

Theory of Method Used. Arsenic can be determined by 
i^xidizing it from the tri- to the quinquivalent condition with a 
standard solution of iodine, or by reducing it from the quinqui- 
u.) the trivalent condition by means of hydriodic acid and titrat- 
ing the liberated iodine with a solution of sodium thiosulfate. 
When Paris green is treated with a solution of sodium hydroxide, 
cuprous oxide, sodium acetate, and a mixture of sodium arsenite 
and sodium arsenate are produced. The insoluble cuprous oxide 
can be filtered off and the arsenic determined in the filtrate by 
[■educing it to the trivalent condition with hydriodic acid in 
■i strongly acidified solution, reducing the liberated iodine, neu- 
li'aiizing the solution and titrating with an iodine solution. 
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Outline of Method of Procedure. Weigh out 2 gm. of the 
sample into a small beaker, add 25 cc. of 2-iiormaI solution of 
sodium hydroxide, heat cautiously for some five minutes or until 
converted into bright red cuprous oxide. Binse the mixture into 
a 100 cc. graduated flask, cool and dilute to exactly 100 cc. and 
then filter thru a dry filter, rejecting the first 10 cc. of filtrate. 
Remove 25 cc. of the filtrate to a 300 cc. beaker, add 15 cc. of 
concentrated hydrochloric acid and 2 gm. of potassium iodide and 
then add one-tenth normal sodium thiosulfate solution imtil the 
mixture is just colorless. As the volume is small it is not neces- 
sary to use an indicator. Next add 40 cc. of water and one drop 
of phenolphthalein, then add slowly a 20 per cent solution of 
sodium hydroxide until the mixture shows a faint pink color. 
Acidify with a drop of dilute hydrochloric acid, add 2.5 gm. of 
sodium bicarbonate, saturate with carbon dioxide and titrate with 
iodine solution as in the standardization. Calculate the percent- 
age of AsjOs present. 

V. Determination of Copper in Brass 

Theory of Method. All soluble cupric salts react with potas- 
sium iodide in neutral or slightly acid solutions as represented by 

(7) 2CuS04 + 4KI -^2CuI + 2K2SO4 + I2. 

The fact that cuprous iodide is very insoluble and that cupric 
iodide is ver\' unstable gives the equiUbrium constant of this reac- 
tion a large value. The most favorable conditions are the presence 
of from 3 to 5 per cent of potassimn iodide and about 3 per cent 
bv volume of concentrated hvdrochloric acid. With a smaller 
concentration of hydrogen ion the reaction is slower and the end- 
points less liistinct. The presence of large concentrations of 
soluble salts especially of acetates seem to retard the reaction; 
the reason for this is not apparent. 

Wlien brass is dissolved in nitric acid small amounts of nitrous 

acid are produced; as this reagent slowlv Uberates iodine from . 

I 



IODINE AND SODIUM THIOSULFATE 355 

potassium iodide it must be expelled by evaporation or oxidized 
by bronainc or hydrogen peroxide before making the titration. 

Outline of Method of Procedure. Weigh out 0.3 gm. of 
sample into a 200 cc. beaker, add 10 cc. of dilute nitric Ewiid, cover 
with a watch glass and warm gently until the metal dissolves. 
Remove the cover, rinse its under side with water and evaporate 
the solution to about 3 cc. Dissolve basic salts if such have 
separated with a few drops of nitric acid and dilute to 50 cc. Add 
suiEcient ammonium hydroxide to produce a clear bright blue 
solution, then neutralize with hydrochloric acid and add 3 cc. of 
the dilute acid in excess. 

Cool the solution to 25°, add 3 gm. of potassium iodide and stir 
until dissolved. Titrate with the thiosulfate solution until the 
mixture has a light yellow color only, then add starch solution 
and continue the titration until the light blue or lilac color of the 
mixture fades to a nearly pure white and does not regain a per- 
ceptible blue color after three minutes. Calculate the percentage 
of copper present. 

VI. Determination of Coppeh in a Chalcoptbite Oke 
Interfering Elements. These ores usually contain in addition 
to copper and iron sulfides small amounts of lead, zinc and arsenic 
Bulfides. When dissolved in nitric acid the iron is oxidized to the 
trivalent and the arsenic to the quinquivalent condition. As 
i)oth elements are reduced by hydriodic acid it is necessary to 
separate the copper before usii^ this method. Small amounts of 
lead and even large amounts of zinc have no effect upon the 



Separation of Copper by Metallic Aluminum. The oxidizing 
potential of cupric salts is large as compared with that of metals 
like zinc, magnesium and aluminum, and under certain conditions 
it is possible to separate copper from such solutions completely by 
means of these metals. Aluminum is to be preferred for this pur- 
s owing to the slowness with which it is attacked by moderately 
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strong adutiaiis of saKaiic acid. The separation of copper by 
this metal k letaidsd by fenfe inm, iriueh » i^^ 
oonditicHi befoie the ooRper bogins to sqiante. It is lendeared 
mcomplete by the pvesenoe of even small oonoentntions of nitric 
add. It is most rapid ^dien the sdution is kept hot and enooi^ 
sulfuric acid is present to cause the fonnalicn of auflident hydro* 
gen to stir the solution vjgoroosl^. Under these conditions all of 
the ooRper, most of the lead and a part of the arsenic but none of 
the rinc and iron are precipitated. The small amonnt of aisenic 
which may separate with the ooRper does not affect the final titrar 
ticm i^pi^eciably if the solution is <M^»^fift^ with acetic ms±0i»i\ of 
hjrdrochUmc acid. 

Outline of Mettiod of Procedme. Wd|^ out 1 gm. of the ore 
into a 200 oc. Erienmeyer flask, add 5 oc of concentrated nitric 
add and warm until vident action is over, next add 10 oc of 
concentrated hydrochloric add and evaporate until the vidume 
has been reduced to <Hie-half , then coed, add very cautioudy 8 cc 
of concentrated sulfuric add, and evaporate until the flask is fiDed 
with dense white fumes of sulfur trioxide. Cool the flask, add 
30 cc. of water and allow to stand with oecasi(»al shAlring until 
all the soluble salts have been brought into solution. Transfer 
the solution to a 200 cc. beaker, retaining the insoluble matter 
as far as possible in the flask but washing the latter thoroughly; 
the final volume should not exceed 70 cc. 

Add to the solution a strip of aluminum foil 3 cm. wide and 
15 cm. long, which has been bent into the form of the letter S, 
heat to 80° and set aside in a warm place until the copper has been 
completel}' precipitated, which usually requires ten minutes more 
than the time necessary' to decolorize the solution. Next add 
10 cc. of water saturated with hydrogen sulfide, and if the solution 
remains colorless or acquires a faint brown coloration only filter at 
once, using a small filter and retaining as much of the predpitated 
copper in the beaker as possible. Wash the predpitate three 
times with 10 cc. portions of hydn^en sulfide. 
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Place the beaker containing the precipitate under the funnel 
and pour over the filter about 10 cc. of warm dilute nitric acid, 
moving the beaker in such a manner as to cause the acid solution 
to flow over the surface of the aluminum plate and dissolve the 
small amount of adhering precipitate. Replace the beaker by the 
flask used to dissolve the ore which has in the meantime been 
cleaned. Warm the solution in the beaker until all of the pre- 
cipitate has been dissolved, then remove and rinse the aluminum 
plate, pour the solution thru the filter and wash free from copper. 

Add 10 cc. of bromine water to the flask and boil vigorously 
until the excess added is expelled. Cool the solution, make alka- 
line with ammonium hydroxide, acidify with acetic acid and then 
add 3 cc. of the dilute acid in excess. The solution should have a 
volume not greatly exceeding 60 cc. 

Add 3 gm. of potassium iodide and titrate as in the previous 
determination, remembering that slightly more time must be 
allowed for the mixture to come to equilibrium owing to the 
smaller concentration of hydrogen ion present. 

VII. Questions and Problems. Ssribs 25 



1. A solution contains 0.1 gm. of HjAsOj and 1 gm. of HCl, and has a 
volume of 100 cc; if 3 gm. of potassium iodide ia added and it is aasumed 
that the potassium iodide and the three acids are completely dissociated, 
wliat fraction {calculated approximately) of the HjAsOt is reduced? 

Ans. 0.6. 



3. Outline the changes resulting from the addition to water of (a) NajCOj, 
Cb) NaHCOj, (c) NaHCOj + CO™. What othw reagents could be sub- 
stituted tor NaHCOi in the standardization of the iodine solution? 

4. Show how you could standardize a solution of iodine from a standard 
flolution of (a) KMnO,, (b) KjCtiOi. 



SEC3TI0N X 

PHYSICO-CHEMICAL PEOCESSESl 



CHAPTER XLVIII 

THEORY OF PHYSICO-CHEMICAL METHODS 

Uses of Physical Constsnts. The anslj'st often finds it de- 

I Birablo to determine certain physical constants of substances sub- 

■BUtt'ei.l to him, usually with one of three objects in view. First, 

r the purpose of identifying or characterizing such substances. 

e is here made of the weli-established principle that the phy^ctJ 

constants of every pure substance are definite magnitudes, whoee 

Atilues are often changed materially by the presence of small 

amounts of impurities; the extended uses made of the meltiog- 

points of solids and of the boiling-points of hquids for this puipose 

arc good iUusIrations. Second, to determine wheth^ the dHit- 

>n of tbo substance hes within the limits which chanict«iie 

tances to which it is supposed to belong; espeoally 

o( adulterations in certain food products, or otha 

4iral origin, which are complex mixtui^ Tlurd, 

iioa of the p«centage n>mpoati<Hi of eertun 

ui be anahied by such methods more esaly <r 

tn by methods which are purely chenucaL 

s With Additive Ropoties. Tlw qusti- 

s hy phyaoo-dianical methods inTotm 

il of soiDe phyacal propertf of ihs '™™r'^i 
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of constants representing similar mixtures of known composition. 
If the sample is a simple mechanical mixture of two components 
an additive relation may exist between certain of its physical con- 

dE 
stants and those of the two components, that is, -rp is a constant 

where dE and dP represent correlated changes in the constant 
concerned, and the percentage of one of the constituents in the 
mixture. In some cases the expression has a constant value only 
when P represents the relation between the number of molecules, 
of one constituent and the total number of molecules in the 
mixture; in other cases it is constant when P represents con- 
centration, that is, the weight of one constituent per unit volume 
of mixture. 

If the constant found for such a mixture is represented by E, 
and the corresponding constants of its two components A and B 
are represented by Ei and £2, the additive relationship ^ould 
require that xEi + (100 - x)E2= 100 E where x and (100 - x) 
represent the percentages of A and B respectively. The value of 
X can then be easily calculated by the use of the derived formula 

100 (E - E2) 



X = 



El — E2 



The accuracy of such a process clearly depends, not only upon the 
accuracy with which the three constants £, Ei and E2 are deter- 
mined, but also upon the value {Ei — E2). 

Such methods cannot be used for the analysis of mixtures con- 
taining more than two components imless one or more of the 
components is without effect upon the property concerned. 
Theoretically it is possible to analyze a mixture containing three 
components by measuring two of its physical constants, formulat- 
ing two equations similar to that already given, and solving these 
in the customary manner. 

Mixtures Whose Properties Are Not Additive. Mixtures 
which possess purely additive properties are rare, altho the de- 
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partureB from pure additive relationships are not infrequently so 
small that they can be disregarded. 

Considering first solid mixtures, three tj'pes of structural units 
are possible. First, the two substances may themselves exist 
as distinct independent structural units; second, they may form 
one or more series of solid solutions with each other, each with 
definite saturation limits; and 
third, they may form one or 
more chemical compounds, 
often when the appearance 
of the mixture gives no evi- 
d(.'iice of chemical changea 
hai*ing taken place. Mixed 
tJTDCS are also possible, that 
is, the pure components ras^ 
form solid solutions with the 
compounds and the com- 
pounds may form solid solu- 
tions with each other. 

The significance of these 
three types of structm'e in the 
intei-pretation of the phyrical 
constants of mixtures is illua- 
trated by the curves shown in Fig. 62. The abscissas here represent 
the relative amounts of the two components A and B in the mixture, 
and the ordinatcs the temperatures at which they begin to solidi^ 
when cooled from the molten condition. Curve I illustrates 
mixtures which form neither solid solutions nor compounds, and is 
characterized by a distinct break, which represents the so-called 
eutectic point. Curve II illustrates mixtures which form a con- 
tinuous series of solid solutions; it is characterized by a minimum, 
altho certain mixtures of this tjpe show a maximum. Curve III 
illustrates mixtures which form a single stable compound; it 
a well-defined cusp at the point which represents the compoatioik 
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of the compound. The corresponding curves for mixturea which 
show mixed types of structure are still more complex, but can be 
easily interpreted from the relations found in the simpler cases. 

The factors which affect the physical properties of hquid mix- 
tures are the possible association of the molecules of the solvent, 
the fonnation of molecular complexes, especially hydrates and 
double salts, and the electrolytic dissociation of the solute. The 
relations are decidedly simpler than where solid mixtures are con- 
cerned, and the curvra representing many of the physical con- 
stants of liquid mixtures, especially where there is no dissociation, 
or where the dissociation is nearly complete, are straight or alightly 
curved lines. 

Use of Interpolation Methods. In all cases in which the con- 
stant measured ia not an additive function of its two components, 
it becomes necessary to measure this property for a sufficient num- 
ber of mixtures containing known proportions of these components 
before it can be used for the analysis of unknown mixtures. The 
composition of the unknown mixture ia then determined by inter- 
polating the value found between the proper interval in the table 
which has been prepared. If the relation made use of is repre- 
sented by a curve which shows a maximum or a minimum, certain 
of the determinations made may correspond to two different points 
on it, and therefore to either of two mixtures whose percentage 
composition may differ greatly. If the mixture is a solid this is a 
serious difficulty, but if it is a liquid the composition of the mixture 
under examination can be inferred from the effect produced upon 
the constant by increasir^ the dilution. If the curve shows a 
maximum, and increasing the dilution increases the value of 
the constant employed, the mixture represents the more concen- 
trated of the two in question; if it shows a minimum the reverse 
relationship must hold. 

The error involved in the interpolation depends upon the form 
of the curve at different intervals; the most favorable condition 
ia where the curve forms an angle of 45° with the horizontal axiSi,^ 
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Physical Constants Most Largely Used. The physical < 

slants lai^ely used for quantitative determinations are the sjjecific 
gravity, specific volume, colorific absorption, index of refraction, 
and optical activity. A number of others, such as the conduc- 
tivity for electrical energy, are used more rarely. The three first 
named will be considered in detail in the subsequent chapters. 

Index of Refraction. This is defined as the ratio of the sine 
of the angle of incidence to that of the angle of refraction, when a 
beam of light passes from air to a layer of the medium under con- 
sideration. It ia used especially for the analysis of fiquid solutions. 
The refractometer devised by Abb6 is largely used for such deter- 
minations; it is based upon the measurement of the angle at which 
an incident beam of light is totally reflected when it passes thru a 
double prism which is made of glass but has the form of a Nicol 
prism. The determination consists in placing a drop of the liquid 
between the two parts of the prism and rotating its position in a 
vertical plane until a shadow is cast at a particular position, that 
is, corresponds to the cross-bar of a telescope, with which the in* 
strument is provided. The angle thru which the prism ia turned 
is read on a scale by means of a magnifying glass in terms of re- 
fraction index directly. It can be used for liqiuds varying from 
1.3 to 1.7 with a maximum error which is less than 1 in the third 
decimal place. This instrument is used especially for the exami- 
nation of fats and oils and was found especially satisfactory for 
the detection of adulterants in olive oil and butter. 

The instrument of Zeiss is based on the same principle, altho 
the mechanical construction and method of making the measure- 
ment are totally different. The single glass prism used is immersed 
in a small beaker cont^ning the liquid to be tested, and the ob- 
served results are expressed on an arbitrary scale, which oonfr 
sponds to a range in refractive index of from 1.325 to 1.366. 

The refractive indices of aqueous solutions of a large number 

of organic and inorganic compounds have been found to bear ft 

L^e relation to their concentration, and the percentage c 
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poBition of a large number of such solutions can be determined with 
the aid of the tables showing this relation. It is possible to analyze 
by this method certain mixtures which are extremely difficult to 
analyze by any other method. Mixtures of methyl and ethyl 
alcohol are good illustrations. The curves representing the re- 
fraction indices of aqueous 
solutions of these compounds 
show the wide divergence rep- 
resented in Fig. 63, It so hap- 
pens that the specific gravities 
of aqueous solutions of the two i 
alcohols of the same percentage ; 
composition are nearly equal, 
and that of mixtures corre- : 
spond to the sum of the per- i 
centages of the two alcohols ^ 
present. Hence the percentage 
composition of such mixtures 
can be determined by compar- p.rc=nt»a« ^m^om by weight 

ing the sum of the two per- Fig.63^-Refractive Index of Solutions 
^, .■ . ■ , ■ . of Methyl and of Ethyl Alcohol 

centages, which is ascertained 

from a specific gravity determination, with the difference between 
the refractive indices of aqueous solutions of the two alcohols 
corresponding to this percentt^e. The accuracy of the method 
is evidently at a maximum when the divergence between the two 
curves is greatest, that is, when the sum of the two percentages 
exceeds ninety. The uses of the refractometer in quantitative 
work are extremely varied and important.* 

Specific Rotary Power. The ability to rotate the plane of a 
beam of polarized light is possessed by a very few solid substances, 
by a limited number of organic liquids, and by solutions of those 
organic compounds which contain an asymmetric carbon atom, 

* See Lythgoe, Report of tlie Eighth International Congreas of Applied 
Chemietry, Vol. I, p. 295 (1912). 
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that is, an atom which is directly linked with four dijfferent ele- 
ments or radicals. In some cases the plane is turned to the right 
and in others to the left, and the magnitude of the effect is one of 
the specific constants of all such substances if the comparison is 
made imder identical conditions. It can be measured by means 
of a polariscope, of which a large number of different forms are in 
use. These instruments consist of two Nicol prisms mounted in 
the same horizontal axis, between which a tube of known length 
filled with the liquid imder examination is placed. The angle 
thru which one of the Nicols must be rotated to compensate for 
the rotation of the liquid, or the thickness of a piece of optically 
active quartz necessary to compensate for it is measured by a 
variety of optical devices. 

The optical activity of solutions is directly proportional to the 
concentration of the solution and the length of the colunm thru 
which the polarized beam passes. Hence the percentage compo- 
sition of any solution can be calculated from its optical activity, 
if the activity of one solution containing a known concentration 
of the substance concerned is known. Further, the scale of the 
polariscope used can be so marked as to give directly the percent- 
age of any one desired substance, provided the solution of the 
sample used is made to contain a specified concentration of the 
sample and examined in a tube of specified length. 

One decided advantage of making use of the optical activity 
of solutions for quantitative work is that the number of substances 
which produce this effect are so limited, and the determination 
of those substances which do possess it is not effected by the 
impurities usually present. It is especially useful in the deter- 
mination of the different sugars, and related substances, and the 
identification of the different terpenes and essential oils. The 
subject is a very large one and cannot be considered in detail 
here.* 

* See Browne, Handbook of Sugar Analysis. 




PROCESSES BASED UPON THE DETERMINATION OF THE 

SPECIFIC GRAVITY OR SPECIFIC VOLUME OF SOLIDS 

OR LIQUIDS 



I. General Features of the Methods 



I 

^V Definition of Specific Gravity and Specific Volume. The 

^^^)ecific gravity" of solids and liquids is defined as the ratio be- 
^l^reen a mass of the substance conperned, and that of an equal 
volume of water. The relation thus defined is not a defiiute one 
unless the temperatures at which both the measurements con- 
cerned have been made are also specified. A temperature of 4° 
is usually adopted for the measurement of the standard water 
volume, but it is customary to adopt a more convenient one, 
especially 15°, 20° or 25°, in measuring the volume of the substance 
compared with it. The temperatures actually used are conven- 
iently expressed in the form of a fraction; that is, I y^j C. is used 

to express the fact that the water was measured at 15° C, and the 
Bubstance concerned at 20° C. 

The specific gravity of substances referred to water at any speci- 
fied temperature can be converted into the equivalent value re- 
ferred to water at 4° C. by multiplying by the specific gravity of 
water at the specified temperature. 

Corrections for the buoyant effect of the air upon the masses 
determined, and for the expansion of glass vessels used thru tem- 
perature changes, are not necessary unless results of extreme 
accuracy are demanded. 

The "specific volume" of solids and liquids is the reciprocal of 
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the Bpedfic gravity; that is, it is the volume oooapiad by the iolid 
or liquid, u compared witii Hie vtdume ooea|ud by mn equal mw I 
of water. 

Methods of Deter minin g the Spedflc Gnvilr flf SoBds. Ibe I 
chief difficulty encountered in detemuiung the tpedBo gravify d 
a solid is to devise a method hy which its volume can be deto^ , 
mined with sufficieat aceara^. It ia ' 
: usually determined by meaauring ths 
buf^ant effect irbidi same liquid, irinse 
, Bpedfic gravity is known, has nptm iL . { 
The method of procedure is r qa w ai tod | 
m Fig. 64. The object A is mmpeoM 
in the liquid from the ann of a balano 
by means of a inece of almmnam wii^ 
and the wdght neoenaiy to countM^ 
bfdance it asoertsined. Tina leeolt ia 
then corrected by detennining and Bob- 
tracting the woght neceasaiy to ooontff- 
balance the wire used, when immeTsed 
to the same depth. The differmce be- 
tween the weight of the object in ui tf 
Fig. 64. -Apparatus tor Do- g^^ jhe weight in the liquid tti nsp- 

.>rf&^°' "" '^^*^ ^^^ ""^^^ ^f ^*l"''^ displaced, 

and this difference divided by the specific 
gravity of the liquid used, its volume. If G represents this specific 
gravity, that of the solid can be calculated from the formula 




Sp. Gr. = 



(„--)«■ 



The liquid most frequently employed is water, and in this case G 
has the value one if the unit of volume to which the specific gravity 
is to be referred is that of water at the temperature used. If the 
solid is dissolved or acted upon chemically by water some other 
liquid must be used. 
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In using thia method large errors may arise from small bubbles 
of air which adhere to the immersed sample or to the wire, or are 
retained in the cracks or crevices often found in solid mixtures, 
Thia difficulty can be avoided by placing the vessel containing the 
immersed sample under a bell jar and exhausting 
the air, or by boiling the liquid surrounding the 
sample until all the air has been expelled. The error 
in determining the volume is always greater than 
that involved in determining the weight because the 
movement of the balance beam is greatly hampered 
by the resistance against the movement of the im- 
mersed solid presented by the liquid. 

If the solid consists of small masses another 
method must be used. One of these is based upon 
the use of a "pycnometer" flask similar to that 
represented in Fig. 65. This consists of a small 
bottle, which is provided with a carefully-fitted class *' ''^' , ^*''~ 

. II .11 .111. nometw 

stopper, pierced by a capillary opemng and therefore 

capable of contaming a definite volume when filled to some par- 
ticular mark on the capillary. The weight Wi of some liquid, 
whose specific gravity G is known, which is contained by the flask 
when filled to the mark is first determined; a known weight w of 
the sample is then introduced, the level of the liquid again brought 
to the mark, and the weight Wi of the contents of the flask again 
determined. The volume displaced by the sample must equal 
(w + W —vf') -i- G and the specific gravity is calculated from the 
formula 




Ibirec 



[ill + w' — wrj 



irect Determination of the Specific Gravity of Liquids. The 

specific gravity of liquids can be determined more readily and 
more accurately than that of solids. The relative masses of equal 
volumes of the liquid concerned, and of water, can be determined 
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directly by means of a pycnometer flask, or still more accurately 
;by the Ostwald-Sprengel tube represented in Fig. 67. This tube 
^J8 successively sucked full of the desired liquids, until one capillary 
is completely filled and the other is filled 
^^ to the indicated mark, and then accu- 
rately weighed. The accuracy of the re- 
sult obtained with this device can be 
increased to almost any desired degree 
by using tubes of sufficient capacity, and 
using the proper precautions in filling 
and weighing. An error of one in the 
fourth decimal place need not 
be exceeded if the capacity of 
tlie tube is at least 10 cc. 

The Use of Hydrometers. 
Where speed is of more im- 
^ald-Sprengel p^rtarice than accuracy, the 
specific gravity of liquids is 
frequently determined by means of a hydrometer. This 
instrument consists of a spindle-shaped float, which sup- 
ports a narrow cylindrical stem bearing a graduated scale 
Fig. 67. When placed in a liquid such 
i^oat must displace its own weight of the liquid con- 
tied, and hence the point on the stem to which it sinks 
St depend upon its weight, and the specific gravity 
^e solution. It can be calibrated by placing it in a ^ 
a of liquids of known composition, or specific grav- pig. 67.— 
and marking the points to which it sinks on the Hydrom- 
e attached to the stem. It should be noted that ^'" 
tal changes in the specific gravity of the solutions used do not 
the points to which it sinks by equal increments. If the 
i which it displaces in a hquid which has a specific gravity 
represented by a the weight of the hydrometer must be 
the volumes displaced when placed in liquids havii^ 



Fig. 66. - 
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specific gravities of 1.01, 1.02 and 1.03 respectively would be 
1 X a divided by these numbere. iSince the three quotients do 
not differ from each other by equal amounts, it is evident that 

each division on the scale, coi respond log to an equal difference 
in specific gravity, must have a slightly different vaiue. 

The sensitiveness of the hydrometer, that is, the f^hange in the 
point to which it sinks resulting from a given change in specific 
gravity, depends upon the ratio between the volume (Haplaced in 
pure water, and the volume displaced by a unit length of the stem. 
Hydrometers of any desire<l d^ee of delicacy can be constructed 
by varying the relative size of the immersed bulb, as compared with 
the diameter of the stem. Increasing the sensitiveness by this 
means necessarily decreases the range of specific gravities for which 
it can be used, unless the stem is prolonged to a point which not 
only renders the instrument cmnbersome and easily broken, but 
necessitates the use of a large amount of liquid for a determination. 
Hence for the accurate determination of specific gravities ranging 
from 0.7 to 2, which includes the usual range of possibilities, a 
number of instruments, each one of which covers a part of thia 
interval, are necessary. A set of eighteen such instruments, each 
of which has a displacement of about 12 cm. and a stem 5 mm. in 
diameter, makes it possible to determine specific gravities over 
this range to the third decimal place. In such a set the ratio of 
the volume displaced, when in wat«r, to the volume displaced 
by that interval on the stem which corresponds to one scale 
division is large, and the scale divisions for each hydrometer of 
the set can be made uniform without introducing very large 
errors. 

One source of error in the use of hydrometers is the result of the 
surface tei^ion exerted by the liquid on the stem which tends to 
increase its displacement. As a consequence a hydrometer will 
show a slightly different reading when placed in two liquids which 
have the same specific gravity but different surface tensions. 
Fortunately these differences are small. 
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The Calibration of Hydrometers. Although hydrometers can 

be calibrated to show specific gravity referred to water at 4°, or to 
any desired unit of volume, their widespread use for certain techni- 
cal purposes has led to the employment of a number of empirical 
and arbitrary scales, some of which have but little to recommend 
theoi. 

If the result ultimately desired is the percentage composition 
of a solution of some one substance, it is obviously rational to 
calibrate the hydrometer used to read percentages of that sub- 
stance directly. Hence a number of "direct percentage" hydrom- 
eters which give directly the percentage of alcohol (alcoholometers), 
of sugar (saccharometers), of urea (ureometers), etc., in aqueous 
solutions are in use. They are of but little use, except for the 
analysis of one particular kind of solution. j' 

A number of the hydrometers first used in analytical work were 
CEilibrated so that the volume displaced by that part of the stem 
corresponding to one scale division bore a very simple numerical 
relation to the volume displaced when in water. This relation 
can not be regarded as a true constant unless the scale divisions 
differ by small values; it is known as the " modulus " of the hy- 
drometer. Thus the modulus of the Gay-Lussac hydrometer is 
100, that of the Balling 200, and that of the Brix 400. 

The Baum^ hydrometer was originally calibrated by marking the 
point to which it sank in water and in a 10 per cent salt solu- 
tion 10, and continuing the same scale units down the stem. 
Somewhat later its use in factories manufacturing sulfuric acid 
became general, and it was found cc)nvenient to standardize it by 
marking the point to which it sank in sulfuric acid, which had a 
specific gravity of 1.842, 66. The two methods of calibration 
^ree with a ffur degree of approximation only, and since different 
itries have adopted different temperatures for the calibration 

1,lue of a Baum^ degree is an uncertain quantity. The 
hydrometer was also adapted for use with liquids lighter 
by marking the point to which it sank in pure wate r 10 
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f and in a 10 per cent Bait solution 0, and continuing the same 
scale units up the stem. 

The Twaddle hydrometer is calibrated so that each unit repre- 
sents five units of specific gravity in the third decimal place, that 
is, 9° Twaddle = 1.045 Sp. Gr. 

All hydrometers are calibrated for use at some definite tempera- 
ture, which should be specified on the label with which they are 
provided. Many of them also carry a small thermometer, which 
obviates the need of a second instrument. 

Calculation of Specific Gravity from any Hydrometer Scale. 
The analyst is often obliged to calculate specific gravity from any 
of the arbitrary scales with which a hydrometer may be provided, 
or to convert specific gravities into such scale readings. This can 
be easily effected if the modulus of the instrument concerned is 
known. Thus the modulus of the American Baum6 hydrometer, 
which is calibrated for (g§) Fahrenheit, is 145. This means that 
the volume displaced by it when floating in pure water is 145 times 
as great as the volume displaced by that portion of the stem rep- 
resenting one scale division. Hence the volume displaced when 
immersed in a liquid of specific gravity x must be {145 -i- x) 
times this unit and the change in the point to which it sinks must 
be represented by 145 — (145 -i- x). Therefore 

Degrees Baum6 (for heavy liquids) = 145 ^''(fin) ^°' 

The Baum6 hydrometer for liquids lighter than water has a 

(modulus of 140 and the point to which it sinks in water is marked 
10, hence the corresponding formula is: 
Degrees Baum^ (for light liquids) = -^^ - 130 at(^) F". 

rhe corresponding formulae for the Gay-Lussac, the Balling and 
ihe Brix hydrometers differ from that given above only in that the 

f numbers 100, 200 and 400, respectively are substituted for 145. 
The Westphal Balance. The specific gravity of liquids can 
also be calculated from the buoyant effect which they exert when 
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Blid objects of known mass and volume are immersed in them. 
WA. device which makes use of this principle is the Westphal balance, 
I which is represented in Fig. 68. It consists of a light metal beam 
suspended horizontally. One end 
of the beam is provided with a 
pointer, which indicates its poa- 
tion with reference to a second 
pointer attached to the frame sup- 
porting the beam, and a knob 
whose weight is sufficient to coun- 
terbaiance a glass plummet sus- 
pended from the other end of the 
beam. If the plummet is com- 
pletely immersed in a liquid the 
latter exerts a buoyant effect, 
which is determined by the prod- 
uct of two factors, namely, the 
specific gravity of the liquid and 
the volume displaced by the plummet. This effect can be meas- 
ured by ascertaining what weight must be added to the end of the 
beam from which the plummet ia suspended to cause the beam 
to assume a horizontal position. 

If the unit of weight employed in making this measurement cor- 
responds exactly to the buoyant effect which is found when the 
plummet is immersed in water, the weights, measured in terms of 
this unit, found to be necessary when the plummet is immersed in 
any other hquid, give at once the specific gravity of that liquid. 
Hence the apparatus is provided with a special set of weights, made 
to take the form of riders, which bear simple relations to the volume 
and weight of the plummet. Since that half of the beam from 
which the plummet is suspended is divided into ten equal divisions, 
I only five such weights, two of unit value and one each of 0.1, 0.01 

Ed 0.001 of this value are needed to counterbalance the buoyant 
ict of any liquid mixture, whose specific gravity ranges from 



a to 2.9 
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kThe specific gravity of liquids can be determined with this 
instrument in a few minutes, often mth an error not exceeding 
0.0005. The error involved increases rapidly with the viscosity 
of the liquid concerned, owing to its action on the movements of 
the plummet, which prevents the beam from attaining its normal 
position. 

Analysis of Solid Mixtures. The specific volume of a solid 
mixture is a simple additive function of the specific volumes of 
its components if the mixture represents a simple conglomerate. 
This statement is also approximately true of mixtures which con- 
sist of solid solutions. Altho theoreticaJly this principle is appli- 
cable to the analysis of all heavy mixtures of either of these classes, 
the number of cases in which it can be used with a suflieient degree 
of certainty and Eiccuracy is small. It is often difficult to ascer- 
tain whether small amounts of other components are not also 
present; this is especially true of naturally occurring substances, 
which often contain solid or liquid inclusions, which can only be 
recognized by making a thin section and examining it with a com- 
pound microscoi)e. The specific volume of many solids is affected 
by the rat« at which they have been cooled during solidification; 
that of other solids, especially metals and alloys, is affected by 
mechanical deformation, such as hanmiermg or rolling. Still 
others can exist in two or more allotropic forms which differ in 
specific volume and which may persist above or below the normal 
temperature limits at which they are stable. The most important 
applications of the method are in determining the relative amounts 
of two minerals in a rock formation and in the analysis of certain 
simple alloys. 

Analysis of Liquid Mixtures. The most widely used of all 
physicr>-cheniical methods are determinations of the percentage 
composition of aqueous solutions by means of specific gravity 
determinations. They cannot be used where the fiquid mixture 
contains appreciable amounts of a third constituent, for every 
wnent of such mixtures has some, e^ect upon its specific 
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»vity. Even when two components only are present the specific 
•avity of such mixtures rarely bears a simple relation to those of 

ftie pure components, at least over a wide range of concentrations, 
lie simplicity and accuracy with which specific gravity determi- 
lations can be made has led to the preparation of a large number 
f tables wtiich give this relation for a great variety of such mix- 
, and has resulted in their extended use in many kinds ^_ 

technical worl^. ^^^ 

II. Analysis of a Lead-Tin Allot ^| 

' Facts Upon Which the Method is Based. These metals are 
ttily slightly soluble in each other in the solid state, and do 
bt form compounds with each other. The specific gravity of 
fee ordinary tetragonal modification of tin, which is stable between , 
JS-" and 161°, is 7.29, and the specific volume is therefore 0.1371. 
■"^he specific gravity of lead is 11,35 and its specific volume is there- 
fore 0.08811, These values are affected but sHghtly by changes 
of several degrees in temperature. 

If the specific volumes of these alloys are linear functions of 
their percentage composition it should be possible to analyze any 
such alloy whose specific volume V is known by use of the formula 
^ 100(7-0.08811) . ^™ 

^ 0.1371 - 0.08811 ' ^H 

t where x is the percentage of tin present by volume. ^^H 

Experimental work has shoivn that this relation is only approxi- 
■mately correct; the departures found, which are sometimes posi- 
tive and sometimes negative, do not exceed nine-tenths of 1 per 
cent, and the method is used where speed is more important than 
. accuracy. 

Outline of the Method of Procedure, Select a lump of the 
f which weighs from 10 to 15 gm. and weigh accurately. Wrap 
e end of a piece of aluminum wire around the lump so that it can 
Knded by it. Place the specimen in a small beaker con- 
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taining distilled water, heat the latter to the boiling point and 
ixiil for about 3 minutes. Allow to cool to a temperature of 20° 
without removing the sample, then support the beaker on the 
wooden bridge with which the balance is supplied and suspend 
the specimen from the hook attached to the balance beam as 
?hown in Fig. 67. Determine the weight necessary to counter- 
balance the specimen. Remove the specimen from the support- 
ing wire and determine the weight necessary to counterbalance 
the latter when immersed to the point previously reached and 
suljtract the result from the weight previously found. 

Calculate the specific gravity from the formula given on page 
358, assuming G = 1, the volume percentage of tin from the for- 
mula given in the preceding paragraph, and finally the weight 
nercentage of tin. 

III. Determination op Sulfubic Acio in a Commercial 
Sample 

Facts TJpon Which the Method is Based. The relation be- 
tween the percentage composition and the specific gravity of 
aqueous solutions of sulfuric acid is represented by a curve, which 
differs but slightly from a straight line over the interval between 
zero and 80 per cent. For much of this interval the percentage 
can be calculated from the specific gravity by simple formulEe; 
between 66 and 81 per cent it can be calculated with great accu- 
racy by multiplying by 86 and subtracting 68.82. Beyond 80 
per cent the specific gravity increases at a rate which decreases 
continuously and beyond 97 per cent the specific gra\itv begins 
, to decrease. The amounts of impurities present in commercial 
samples are usually too small to affect its specific gravity 
greatly. 

Outline of Method of Procedure. Procure a set of hydrom- 
eters calibrated to determine specific gravities at f-jo-lc. Fill 
a clean, dry, glass cyhnder, whose inner diameter is at least twice 
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of fl» ncid to toodi fl» IqfdRHMter abote fl» pianfc to vliA 
finally gnk^ and ka9 ft in flKonter of flKc^fiadhr. fhoetta 
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merdal evaluaticm dt erode petioieiim mudi importanoe is at- 
tached to its ^[)edfic gra vity . This is a oonsequence of the faet 
that the more valuaUe saturated hydrocarixHis dt low atomie 
wei^t are much U^ter than the less YahiaUe defines, napthenes, 
and asphalt, and hence the specific gr avi t y dt the sample indicates 
roughly the value <^ the jHoducts which can be obtained from it 
when refined. 

Thru long-established custcHn the Bamn£ hydroinettty for liqiiid^ 
lifter than water, is generally used in Ammca in the petrokiim 
industry in expressing the gravity of both the crude <ul and the 
various products, gasolenes, kerosenes, lubricating oils, ¥^ch are 
prepared from it. The high viscosity of many sam|des <^ crude 
oil, and its opacity, often make an accurate determination (tf the 
specific gravity difficult. The effect of temperature on the q)edfie 
gravity is very large, and all determinaticms should be made at 
60"" F. (15.56'' C.) for which the hydromet^ is calilurated. 
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Outline of Method of Procedure. Test the temperature of 
the sample and if necessary place the bottle contammg it in a veesel 
of warm or cold water, and stir the petroleum with a thermometer 
until the latter registers 15.56° C. Pour a sufficient amount of the 
sample into a cle^, dry, glass cylinder, whose diameter is at least 
twice that of the hydrometer to be used, and fill it about two-thirda 
full. Allow the hydrometer, which should be clean and dry, to 
ank slowly in the petroleum until it comes to rest. Place the eye 
on a level with the liquid and sight across this level to the stem of 
the hydrometer, that is, endeavor to read the point corresponding 
to the level of the liquid, not the point to which some of the liquid 
is drawn on the stem by surface tension. Report the result in 
Baiuu6 degrees and absolute specific gravity. 

V. QoBsnoNa and Phqblbms. SBwea 26 
1. Calculate the modulus of & hydrometer which aank to a. paint marked 
lero in water and to a pomt marked 50 in a solution containing aevetity per 
cent of sulfuric acid. Atis. 131.1. 

3. Specify dimensions for a hydrometer which could be used to determine 
Hpecific gravities ranging from 1,4000 to 1.4200, and for wliich each unit 
in the fourth decimal place corrcaponda to 1 mm, on the scale. 

Ans. Stem 4 mm. in diameter and 220 in length, bulb 4 em. in diameter 
and 14 in length, weight 249.82 gm. 

3. A sample of hydrochloric acid gave a reading of 16 on an American 
Haumfi hydrometer. What would be the reading if a Brix hydrometer waa 
plucedinit? Ans. 44.12. 

4. What volume of sulfuric acid of apecific gravity 1.8 muat be added to 
100 cc. of 65 per cent acid to make it 75 per cent? Ana, 72.72oc. 

6. If a Twaddle hydrometer ia placed in 80 per cent sulfuric acid, what 
would it read? 

5. Plot a curve showing the relation of apecific gravity to percentage 
composition for the le£Ml-tin alloys. 

7. Indicate the probable form of the curve representing the relation of 
specific gravity to percentage cnmi)Osition of lead-tin alloys if it is nasumed 
that a compound of the formula PbSni ia formed. 

8. A piece of metaUie silver weighed 20 gm. in air, 18.1007 in water and 
_iS.3818 in a sample of gasolene, what is the specific gravity of the gaaoleneT 
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CHAPTER L 

COLORIMETRIC PROCESSES 

I. Gbneral Fbatuheb of Colobimetric Processhi 

Principle Involved. Certain substances, when dissolved 
appropriate solvent, yield solutions which show a characteriatie 
color absorption when viewed by transmitted light, and it becomes 
possible to determine the concentration of such solutions by com- 
paring the intensity of this absorption with that of a solution 
containing a known concentration of the substance concerned. A 
large number of quantitative processes are based upon this prin- 
ciple and are designated as "colorimetric" processes. They 
depend upon the measurement of a physical property, but the 
property here concerned is a complex one, and cannot be deter 
mined and expressed numerically except by reference to a purely 
empirical standard, that is, a second solution of known concentra- 
tion. As a consequence the methods used in carrying out such 
determinations closely resemble those used in volumetric processes; 
hence they are frequently classed as a separate group, rather than 
with the other physico-chemical processes. 

The intensity of the shade of color transmitted by two solutions 
of the same solute in the same solvent depends upon the concen- , 
trations of the two solutions and the thickness of the two layers 
compared. Since the absorption may be due to the presence d | 
either the imdissociated molecule, or of one or more of the ions inM , 
which it dissociates, it is affected by all of the conditions which I 
affect the dissociation of electrolytes. If the concentrations are 
such that the dissociation is complete, and if other changes, such 
as hydration, do not take place the intensity of absorption will be I 
directly proportional to the concentration, but this is rarely true. 
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Methods of Making Colorimetric Determinations. All cotor- 
imetric processes involve varying the thickness, the volume, or 
the concentration of either the standard or the unknown solution 
until the two show an absorption of equal intensity; hence three 
types of method are possible. 

In the first the volumes and concentrations remain constant, 
and the ratio between the thickness of the layers of the two solu- 
tions at which the absorption is equally intense, is measured. This 
type of method assumes that the intensity of absorption is directly 
proportional to the concentration, which, as shown in the preceding 
paragraph, is not necessarily correct. This type of method is 
but rarely used in actual practice, except for the purpose of making 
the final comparison between two solutions which possess approxi- 
mately the same concentration, that is, it is frequently necessary 
to combine it with methods of the second or third type. 

In the second type of method the thicknesses observed rem^ 
constant, and the ratio of the volumes of the two solutions at 
which the absorption is equally intense is measured. 

In the third type the thicknesses observed and the volumes are 
kept constant, and the concentration of the standard solution is 
increased until it shows an absorption equal in intensity to that 
of the unknown solution. 

Colorimeters. The relation between the colorific intensities 
of two solutions is determined by means of a "colorimeter." An 
inexpensive and for most purposes sufficiently accurate form of 
this instrument is that of Wolff, a diagram of which is represented 
in Fig. 69. It consists of two glass cylinders A and B, which are 
accurately calibrated, and provided with gla.'^ stopcocks by means 
of which the solutions contained by them can be drawn off; they 
are supported in a frame which holds them in the same position 
with respect to the mirror M. The light reflected from the mirror 
passes thru the solutions in the two cylinders and is combined by 
an optical device in such a manner that the two halves of the eye- 
le are illuminated by light which has passed thru the two 
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eylindfln. The cylmders are mclosed in a case wMch diminatea 
the disturbing aotaon of lig^t from other .sources. In using tiiis 
instrument the more oonoentrated solutum is (Uluted until tiu 
colorific abscxptinu are nearly equal, and the exact ration of 




Fig. 69.— WolfF'a Colorimeta' Fig. 70. — StEunmar's CobrimeUr 

the two absorptions determined by reducii^ the thickness of tin 
layer of the more concentrated solution imtil the two halves of 
the Eeld of view show equal illumination. 

A more expensive instrument is that of Stammar, a diagram of 
which is represented in Fig. 70. In this apparatus one of the two 
solutions is retained in a tube, which can be closed at both ends 
by plates of glass, held in position by means of rings .which can 
be screwed onto the end of the tube; the other solution is retained 
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1 & jar, which can be rsused or lowered with respect to the base 
of the instrument by changing the position of the clamp which 
supports it, A glass piston, the end of which is flat and i)olished, 
projects into this jar, and by varying the position of the jar the 
thickness of the layer of liquid between the bottom of the piston 
and the bottom of the jar can be varied. The ratio of the thick- 
nesses of the two solutions under observation can then be read off 
directly from the index fastened to the frame bearing the jar, with 
respect to the. frame of the apparatus; its other features are 
essentially the same as those of the Wolff colorimeter. 

Color Comparison Tubes. The second method of making a 
eolorimetric determination is usually carried out in long narrow 
tubes, in one of which the more concentrated solution is diluted 
and mixed, until the colorific intensities are equal. The actual 
comparison is made in a box with darkened sides open at both 
ends; when in use one end is directed against the source of light 
employed, the other being the point of observation. 

Nessler Cylinders. The third method is usually carried out 
in "Nessler tubes." They are made of clear, colorless glass, of an 
equal and uniform diameter with flat smooth bottoms. They 
are provided with marks corresponding to volumes of 50, 100, 150 
or 200 cc. In using them the solution whose concentration is to 
be estimated is diluted to one of the four standard volumes, and a 
standard prepared in a companion cylinder, by adding to it a 
milRcient amount of an accurately standardized solution of the 
aubetance wliich is being estimated, to give at the same volume an 
equal color absorption. The amount of substance present is then 
calculated from the volume of the standard solution used and its 
concentration. 

Where a large number of such determinations are being made, 
or where they are part of a daily routine, it is desirable to prepare 
a permanent series of color standards of a sufficiently wide range 
of concentrations. Where these are prepared it is preferable to 

)stitute a bottle of uniform diameter for the cylindrical tubes. 
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TimHitiffiM fli Co l o rii i ielric McBiodg, Tlie aetual peroentege 
enor invi^ved in malring & eoloiiiiietiic eamcpttiBon is ntter big^ 
waiem an dabcMnafee ocdKimeter is jued and eepedalljr ftstonUe 
eonditians can be maintained. Yery flBg^ii dMeawMB in tin 
diaracter of ifae fig^t abaorbed bgr tiie two aohitignB, ubidi may 
result from tbe preaaaee of mmU amountB of other saiMtaDaoa in 
the sample being anafyaed, inoeaae the penentage enor maleri- 
aUy, aUho in sneh instances the effort is usoal^ made to svoid the 
difiicolty by introdfliGing apiarocdmatefy equal amomriB of these 
sobstanoes in the i^qiaied standaids. 9|^ Affiereneea in the 
thickness or absorptioiL caparity of the f^bas ireaBda need to letein 
the jsriutions exercise a distaibing inflnence; also. Hie peraonal 
qaalificatiQns of the analyst, that is, his alxlity to distingvirii color 
diades, has an unusually huge effect vpoa the results obtained 

Experience jmnres that with most coloiific substances there is 
a certain range oi concentratioDs at wtStcik the color diadea duHaigB 
most deddedly with the concentration, and the percentage enor of 
the comparison may be huge unless made within this range. The 
kind of light used in making the comparison is also a factor; 
usually pure white light, such as is reflected from a white opaque, 
or translucent mirror, gives the best results. 

With most of the colorimetric processes in ccMumon use tiie final 
comparison must be made with solutions containing a very small 
concentration of the colored compound, and the pero^itage error 
of the process is sufficiently small only when the total amount of 
the substance which is being estimated is small. Hence colori- 
metric processes are in general poorly adapted to the analysis of 
substances containing large percentages of the element or com- 
pound concerned, for altho the amount of substances actually 
determined may be made small by using a very small weight of the 
sample, or b}'^ taking a small fraction of the solution first prepared, 
the error concerned in the final comparison is then multiplied 
sufficiently to give a large departure in the final result. 

On the other hand, colorimetric processes are peculiariy adapted 
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the detenninatioii of small' percentages of many elements and 
compounds. Usually previous separation of the constituent 
which is being determined is unnecessary, and in many cases 
amounts wliieh are entirely too small to be estimated by any other 
class of methods can be determined colorimetrically with a satis- 
factory percentage accuracy. A very large number of such prec- 
ises have been elaborated and are in general use.* 

!I. Determination op Manganese in Cast Iron and Steel 
Colorific Power of Permanganates. Solutions which contain 
le permanganic ion MnOi possess a deep red or pink color, the 
itensity of which is approximately proportional to the concen- 
vtion; hence the amount of manganese present in this form can 
B accurately determined by comparing the color of the unknown 
ith that of a standard permanganate solution. If the eompari- 
m is made in tubes containing a layer of solution 100 mm. in 
iickness the beat results are obtained when the concentration ia 
i the neighborhood of 10 mg. of manganese per liter. As the 
ennanganic ion is readily reduced by organic matter or even by 
ght the solutions compared fade appreciably on long standing, 
nlesa oxidizing agents of sufficient strength are also present. 
The Formation of Permanganates. The complete conver- 
on of the manganous ion into the permanganic ion can be effected 
y certain oxidizing agents, but only in the absence of hydro- 
^oric acid, and in the presence of a large concentration of mtric 
Sd. Lead peroxide and sodium bismuthate are often employed 
k this purpose, but a more convenient reagent to use is ammonium 
t potassium persulfate, the action of which can be represented 
V the expression: 
(NH4)sS308 + 3 Mn(N03)5 + 8 HjO -» 5 (NH4)iS04 + 2 HMnO* 

+ 5 H2SO4 + 4 NHOs. 
te speed of this reaction under ordinary conditions is not 
• See Sohreiner, Jour, of the Am. Cbem. Soc, 27, 1192 (1903). 
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but in the presence of & silver salt and at a temperature above 70° 
it prc^esses rapidly. The function of the silver salt seems to be 
that of a catalyzer; in its absence some of the manganese may 
separate as the dioxide. 

Application of the Method. This method is especially useful 
in the estimation of the small amounts of manganese found in the 
commercial alloys of iron and in iron ores. In applying the method 
to such determinations the error resulting from the color imparted 
to the solution by the ferric ions present and that due to the color 
which results from the partial oxidation of the carbon of iron car- 
bide by the mtric acid usually employed to dissolve such alloys 
must be considered. The colorific power of the ferric ion, espe- 
cially in a nitric acid solution, and at ordinarj' temj>eratures, is 
extremely small as compared with that of the permanganic ion, 
and even though the percentage of iron is one hundred times as 
great as that of manganese, it modifies to a slight degree only the 
color resulting from the permanganate ion. The color due to 
carbon, especially in the analysis of steels containing a large per- 
centage of carbon, is a more important item, but the difficulty is 
eliminated if the precaution is taken to treat the solution with an 
excess of some oxidizing agent, such as ammonium i)ersulfate, 
which slowly oxidizes the carbon to carbon dioxide. Actual 
experience with the process shows that it is scarcely possible to 
prepare a solution of the sample containing all of the manganese 
as permanganate, which possesses exactly the same color shade as 
a pure solution of a soluble permanganate. It is preferable, there^ 
fore, to prepare the color standard used from an alloy or ore, whose 
manganese content has been previously determined with great 
accuracy, preferably from a sample in which the ratio of iron to 
manganese is approximately the same as that in the sample under 
consideration. 

In the analysis of samples of gray cast iron, a fine black reddue 

representing carbon and silicon, which remains insoluble, also 

_iiite'ferea with the color comparison and makes filtration neoe^^ 
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aary. The entire process is a simple one and under favorable 
conditions a determination can be made ivithin one half hour. 

Outline of Method of Procedure. Weigli out 0.2 gm, of the 
standard, the manganese content of which is accurately known, 
and an equal amount of the imknown sample and place in test 
tubes, which have a capacity of 70 cc. Add to both tubes 
10 cc. of dilute nitric acid, and warm both in a water bath until 
complete decomposition has been effected and oxides of nitrogen 
are no longer evolved, then add about one half gram of ammonium 
persulfate and continue heating with occasional shaking until 
oxygen is no longer given off. If a large amount of carbon remains 
in either tube, that is, if either sample contains much graphitic 
carbon, filter through a small 7 cm. filter into a second test tube 
and wash the filter with about 10 cc. of water. Next dilute both 
solutions to a volume of 20 cc, add 10 cc. of reagent silver nitrate 
solution and then 1 gm. of ammonium persulfate. Place both 
tubes in the water bath and allow to remmn with occasional 
shaking until the maximum amount of red color is developed, 
which should not require more than five minutes. 

Cool both tubea by means of a stream from the water tap, 
transfer to 200 cc. graduated flasks and dilute both to exactly 
that volume. If one of the two solutions shows a much greater 
color absorption than the other dilute the former to exactly 300, 
400 or 500 cc, that is, until the color absorption of the two solu- 
tions docs not differ greatly. 

Transfer a portion of the solution which has the less intense color 
to a color comparison cylinder, preferably of the Stammer or Wolff 
type, using sufficient to give a layer which is from 100 to 150 min. 
in thickness; transfer a somewhat smaller amount of the second 
solution to the other cylinder of the apparatus. Adjust the arm 
which sustains the second cylinder, if a Stammar colorimeter is 
used, or the thickness of the solution in the second cylinder, if a 
Wolff apparatus is used, until no difference can be detected in the 
mount of absorption in the two cylinders and ascerttun the com- 
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parative depths of solution observed. J^peatthe adjustmoit. 
and obsorration at least twice more and take tfae mean of tli0 throe 
as the fiboAl conect result. 

Calcnilate the peroeatage of maii^aiese {Ntesent fi^^ 
of Mn in 4he standaid samfriei tiie vohunes to wfaieh the two 
solutions ware diluted and dq[yths of the layeis which gaYs eqoal 
cdor absorptions. 

HI. Dbtsbhination or Copfkb in a Coppbb Slaq 

Pr o p ert i es of flie Chqptio-Anunoiuiim loii. Whenever an ex- 
cess €i ammonium Igrdroadde is added to a sohition cofntaining 
cupric salt an intense blue color is produced, owing to the toaoBr 
tion <^ the cupric ammcmium ion. This ion is usually iqpraiaited 

by the formula Cu(NHs)4i but icms having the foimulas Cu(NM^ 

and Cu(NB3)t are bdieved to be pres^it in small amounts in su<^ 
solutions. Its colorific power can be inf ened £rc»n the £art tiiat 
1 mg. of copper in this form imparts a color to 100 oe. of watar, 
which can be recognized in layers of solution 8 cm. in thickness. 
The intensity of the color increases with increasing concentration 
at a fairly uniform rate up to values some twenty times as great 
as the rninimiim given. 

Apparently the intensity of the color of such solutions is affected 
to some extent by the nature of the anions, and the concentration 
of the anmionium salts and ammonium hydroxide present in the 
solution; hence all comparisons should be made with solutions df 
approximately the same composition. It has also been found that 
the colorific intensity of such solutions remains unchanged, even 
after long standing, if it contains SO4 rather than NQs ions. In 
using the method it is customary to prepare a series of color 
standards with which the solution to be tested is compared. 

Decomposition of Copper Slags. Copper slags which have 
been ''chilled/' that is, suddenly cooled by dropping the molten 
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slag from the furnace into cold water, and which have been finely 
ground, can be readily and completely decomposed by strong 
bydrocliloric acid. If the sample is stirred constantly during the 
decompoaition, and diluted as soon as this has been completed, 
it is possible to avoid the separation of gelatinous silica; further, 
all the copper can be precipitated from this diluted solution by 
means of hydrogen sulfide, and all of it separated from the iron, 
and other elements normally present. If the proper conditions 
are not comphed with in making the decomposition some of the 
silica will separate in gelatinous form, and it then becomes necea- 
sarj' to dehydrate and separate all of the silica before the copper 
can be separated, which greatly increases the time required. 

The percentage of copper normally present in blast furnace 
slags should not exceed 0.3 per cent; "converter" slags may con- 
tmn as much as 2.5 per cent. The colorimetrie method is espe- 
cially adapted to the analysis of such products, owing to its sim- 
icity and speed; its accuracy is not sufficient to make it a 
itisfactorj- method for the evaluation of copper ores. 
Preparation of a Series of Color Standards. Weigh out ex- 
ily 0.2 gm. of pure copper foil, place in a 200 cc. flask, add 20 cc. 
dilute nitric acid, warm gently until the copper is dissolved, 
evaporate to about 10 cc. Dilute the solution to 50 cc, 
transfer to a graduated liter flask, add 200 cc. of reagent ammonium 
ii^droxide, allow to cool and dilute to the mark in the flask. 
ftocure and carefully clean six 150 cc. bottles made from clear, 
colorless glass, whose cross section is represented by a square. To 
the first of these add exactly 50 cc. of the copper solution and 
dilute to exactly 100 cc. with a mixture of one volume of ammonium 
hydroxide and three of water. To the second add 40 cc. of copper 
Bolution and sufficient diluted ammonium hydroxide to make a 
volume of 100 cc. and in the preparation of each succeeding 
standard reduce the volume of the copper solution by 10 cc. and 
the volume of diluted ammonium hydroxide by the same 

lOUDt. 
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Oaflte cf Mefliod cf ft o ccduie , Oushiliefluqpleiiidilfine 
enoQt^ to pttflB tium a KMMiieBh mewe. We^^ oat 2 gjDH. into a 
200 oe. beaker, add 10 oe. of wiAer aod 8tb iiDtfl aU of tile part^ 
aie mnJBtenwit Umbo, add 8 oe. of ooneentiatod ]]i(yiAocidoric add 
and stir ewitnuiooJy for 5 mimita^ or until ilie imdifwnived 
lesidiie is Uack and floecnlent, and nanainB for ibe most part 
aaapcnded in the Bqqjd. 

Add to llie wSaAax^ wlllKNit fortfaer ddxy, 7D eeu of liydrog p a 
sulfide water, <ir add that amoonl of water and aatmate with the 
ffOL Wann for a few miiinteB or mttS the preeq^itated ecqpper 
sulfide enagnlate^ tiien filter tium a HiU filter and waeh twice 
with 10 «e. of water. 

TrMiirfiariliftiiAflidngliliwr^iMi <Mnifltii ^ | y TOd|j|| ||tftto'ttiebcatfr 

used for tiie deoain|ioation, iinae out the filter tube with Sec ci 
eanceatiatod mtrie aicid, receiving the rineingB in the beslDery and 
wann the nuztoie mttS aD of the copper sulfide present has been 
bnrai^t into sofaitiQn. Add to the niixtur e 30 ea. of leagent 
anunonhmi fagrdioaddi^ heat to about 60^ and filter tium alVltt 
filter, which has been wdl washed fnxn adhmng fibos, and wadi 
twice with 10 cc. portions of dilute ammomum hydroxide. 

Transfer the filtrate to a botUe amilar to those used for the 
preparation of the color standards. Compare the coIcht ci this 
bottle with that of the standards and ascertain to which one it is 
equivalent. Calculate the percentage of copper present from the 
wdght of copper in the standard bottle finally chosen and the 
weight of sample used. 
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SPECIFIC GRAVITIES OF SULFURIC ACID 

Lunge and Isler 
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0.83 


1.210 


28.58 


1.415 


51.66 


1.010 


1.57 


1.215 


29.21 


1.420 


52.15 


1.015 


2.30 


1.220 


29.84 


1.425 


52.63 


1.020 


3.03 


1.225 


30.48 


i.430 


53.11 


1.025 


3.76 


1.230 


31.11 


1.435 


53.59 


1.030 


4.49 


1.235 


31.70 


1.440 


54.07 


1.035 


5.23 


1.240 


32.28 


1.445 


54.55 


1.040 


5.96 


1.245 


32.86 


1.450 


56.03 


1.045 


6.67 


1.250 


33.43 


1.455 


56.50 


1.050 


7.37 


1.255 


34.00 


1.460 


55.97 


1.055 


8.07 


1.260 


34.57 


1.465 


56.43 


1.060 


8.77 


1.265 


35.14 


1.470 


56.90 


1.065 


9.47 


1.270 


35.71 


1.475 


57.37 


1.070 


10.19 


1.275 


36.29 


1.480 


57.83 


1.075 


10.90 


1.280 


36.87 


1.485,... 


^58.28 


1.080 


11.60 


1.285 


37.45 


1.4«) 


^ 68.74 


1.085 


12.30 


1.290 


38.03 


1.495 


59.22 


1.090 


12.99 


1.295 


38.61 


1.500 


59.70 


1.095 


13.67 


1.300 


39.19 


1.506 


60.18 


1.100 


14.35 


1.305 


39.77 


1.510 


60.65 


1.105 


15.03 


1.310 


40.35 


1.515 


61.12 


1.110 


15.71 


1.315 


40.93 


1.520 


61.59 


1.115 


16.36 


1.320 


41.50 


1.525 


62.06 


1.120 


17.01 


1.325 


42.08 


1.530 


62.53 


1.125 


17.66 


1.330 


42.66 


1.535 


63.00 


1.130 


18.31 


1.335 


43.20 


1.540 


63.43 


1.135 


18.96 


1.340 


43.74 


1.545 


63.85 


1.140 


19.61 


1.345 


44.28 


1.550 


64.26 


1.145 


20.26 


1.350 


44.82 


1.555 


64.67 


1.150 


20.91 


1.355 


45.35 


1.560 


65.08 


1.155 


21.55 


1.360 


45.88 


1.565 


65.49 


1.160 


22.19 


1.365 


46.41 


1.570 


65.90 


1.165 


22.83 


1.370 


46.94 


1.575 


66.30 


1.170 


23.47 


1.375 


47.47 


1.580 


66.71 


1.175 


24.12 


1.380 


48.00 


1.585 


67.13 


1.180 


24.76 


1.385 


48.53 


1.590 


67.59 


•1.185 


25.40 


1.390 


49.06 


1.595 


68.05 


1.190 


26.04 


1.395 


49.59 


1.600 


68.51 


1.195 


26.68 


1.400 


50.11 


1.605 


68.97 


1.200 


27.32 


1.405 


50.63 


1.610 


69.43 
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B„,.. 


lOOparU Sp, 


»iGc 


lOOparU 


Sp«;(i« 


1(0 MUU 


™rity 


by weight «n 


nCf 


by weight 


st^vm 


byiniglit 


15! 


^:" .- 




\i,r 


IS" 


'"X" 


1.616 


69.89 1 


735 


80,24 


1.827 


91.50 




620 


70.32 1 


740 


80-68 


1.S2S 


91.70 




625 


70.74 1 


745 


81.12 




91.90 




630 


71.16 1 


750 


81.56 


1.830 


92.10 




635 


71.57 1 


755 


82.00 


1.831 


92.30 




640 


71,99 1 


760 


32.44 


1,832 


92.52 




645 


72.40 1 


765 


82.83 


1,833 


92.75 




660 


72.82 1 


770 


83.32 


1.834 


93.05 




655 


73-23 1 


775 


83.90 


1,835 


93 43 




660 


73.64 1 


780 


84.50 


1,836 


93.80 




665 


74.07 1 


785 


85,10 


1,837 


94.20 




670 


74,51 I 


790 


85.70 




94.60 




675 


74.97 1 


795 


86.30 


1.S39 


95.00 




6S0 


75.42 1 


800 


86,90 


1,840 


95.60 




685 


75.86 1 


805 


87.60 


1.8405 


95.95 




690 


76.30 1 


810 


88 30 


1,8410 


97.00 




695 


76.73 1 


S15 


8905 


1.8415 


97.70 




700 


77.17 1 


820 


90 05 


1.84)0 


SS.20 


1 


705 


77-60 I 


831 


90 20 


1.8405 


98.70 


1 


710 


78-04 1 


822 


90 40 


ISWO 


99.20 




715 


78, 4S 1 


823 


90.60 


1.8395 


99.45 




730 


78-92 1 


824 


90 80 


1,8390 


99.70 


im 


73S 


78-36 1 
79.80 1 


825 
826 


91.00 
91.25 


1,8385 


99.95 
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List c 



' Apparatus Needed 






Evhich are named in the following list represent the apparatus 
s desirdilc that each student should be provided; it can be 
modified in many particulai^ without jeopardizing the success of his work. 
For many of the determinations which are described, especially those out- 
lined in Chapters XII, XIII, XIV, XV, XXII, XXVlI, XXX, XXXI, 
XXXIII, XXXIV, XLIX and L, additional apparatus is necessary. It 
MnU be found desirable lo prepare a series of boxes containing all of the special 
artielea needed for each of these determinations and give them out to the 
<ijfferent students as called for. 

6 Beakers of Jena glass with Ups, 2-100 co., 2-250 cc., 2-400 co., 1-600 cc, 
1-800 cc. 
L a Bottles with glass stoppCTS, 2000 ci 
■52 Burets, 50 cc. (I Mohr form and 1 Gdssler 
■ 1 Bunscn burner with rubber tubing. 
I'l Camel's hair brush. 
i Clamps to hold buretB. 
J Desiccator with support for crucibles. 
iErlenmcyer flasks, 2-100 cc., 2-250 cc. 
J Filter flask with rubber stopper, 500 CO. 
S Filter holders (to fit cleats on desk). 
1 Package washed filters, 25-11 cm., 20-9 ci 
pi Flask of Jena gkiss, 750 cc., with 2-hole n 



,1 Flask of Jena glass, 2S0 cc., with 2-bole rubber stopper for wash bottle. 
I'l Pair forceps of nickel or brass. 

' Funnels, 2-5 cm., 2 ° — 

, Glass filter tube. 
14 Feet glass tubing, < 
['3 Glass rods, 20 cm. loi^ 6 

1 Piece glazed paper, 30 ci 

1 Graduated cylinder, 50 c 

1 Iron stand with two ring 

2 Keys, 1 for desk and I fi 

3 Pipets, 1-5 cc., 1-10 cc., i-iio cc. 
1 Piece platinum wire, 20 cm. long a 

4 Porcelain crucibles, 2-No. 000 {8 c 
1 Porcelain Gooch crucible, 25 cc. 
1 Porcelain plate. 

3 Porcelain casseroles or evaporating dishes, 250 cc. 

1 Piece fine rubber t«bing, 20 cm. long and 6 mm. in diameter. 

4 Reagent bottles, for dilute acids and ammoniuta hydroxide. 
i Test tubes, 15 cm. 

2 Triangles of nichrome wire. 
2 Weighing bottles, 10 cm. and 30 cm. 
2 Pieces of wire gauze. 
1 Witt ater plate, 23 mm. 



I. in diameter. 

"n diameter. 
L. square. 

ir drawer to balance. 



I 
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Absorption method for gas-evolution processes, 85. 

Acetic acid in vinegar, determination of, 306. 

Acids, distillation of, 72; dissociation constants of, 295; evaporation of, 72; 

titration with an acid indicator, 285. 
Acid salts, titration of, 294. 
Activity, of acids, 51; of bases, 52; of salts, 53. 
Adsorption, 133. 

Alkalies, commercial, analysis of, 309. 
Alloys of lead and tin, analysis of, 184, 374. 
Alundum, use of, 123. 
Ames extraction apparatus, 204. 
Apparatus, list of, for quantitative work, 393. 
Arsenious acid in Paris green, determination of, 353. 
Asbestos, use of, for filtration, 123. 
Atomic weights, table of, 76. 

Baking powder, determination of carbon dioxide in, 107. 

Balance, construction of, 9; rules for use of, 22. \ 

Ball mill for grinding, 28. 

Barium sulfate, ignition of, 171; properties of, 170. 

Bases, titration of, with an acidic indicator, 295. 

Basic salts, titration of, 296. 

Black powder, composition of, 218; analysis of, 218. 

Boric anhydride in borates, determination of, 308. 

Brass, analysis of, 189; determination of copper in, 354. 

Bumping, cause of, 68. 

Bunsen apparatus, description of, 103. 

Buoyancy, correction for, 20. 

Burets, forms of, 240. 

Caffeine in tea, determination of, 231. 
Calcium carbonate, decomposition of, 81. 
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Calcium chloride, properties of, 97. 
^^alcium oxalate, properties of, 177. 

Calcium in limestone, determination of, 332; separation of, from magnesium^ 

175; theory of separation of, 179. 
Calculations, abbreviation of, 77; of volumetric determinations, 254. 
Calibration of burets, 248; of flasks, 249; of pipets, 249. 
Carbon dioxide, determination of, in limestone, 103; in baking powder, 107. 
Catalizers, action of, 48. 
Chaddock burner, 66. 

Chalcopyrite, determination of copper in, 355. 
Chemical factors, calculation of ^ 74. 
Chemical formulae, calculation of, 79. 
Chlorine, determmation of, in sodium chloride, 154; titraticm c^, with silver 

solution, 256-259. 
Chromate indicator, use of, 257. 
Chromiimi in chromite, determination of, 344. 
Cleaning graduated apparatus, 247. 
Cochineal, use of, 291. 
Colorimetric processes, principles of, 378; methods of making, 379; Umiia' 

tions of, 382. 
Colorimeters, 379. 
Combustion method, theory of, 87. 
Compensating errors, principle of, 238. 
Complex ions, reactions involving formation of, 60. 
'mtration, definition of, 32. 

» liquids, 220; separation of, 222. 
action, 202. 

ifttion of, in slag, 386; in brass, 354; in chalcopyrite, 355. 
HI of, by electrolysis, 192; by aluminum, 355. 
dehydration of, 84; determination of water in, 96. 
je of, in weighing, 21. 

iing of, 214; determination of, in peanuts, 216. 
neaning of, 311; determination of, in flour, 310. 
ion of, with silver salts, 261. 

<w, 82. 
iii 131. 

'ion voltage, meaning of, 142; of metals, 143. 
of saiJts, 83. 
'^ea^ts, efficiency of, 96. 
of, 93. 



INDEX 387 

Desiccator, use of, 30. 

Displacement processes, end-points of, 281. 

Displacement reactions, 59. 

Dibasic acids, titration of, 293. 

Dissociation pressures of carbonates, 83. 

Dissociation of electrolytes, factors affecting, 39. 

Dissociation constants, 53; .of acids, 295. 

Distribution coefficient, 221. 

Double precipitation, 140. 

Double weighing, 12. 

Drainage, error from, 244. 

Drying, devices for, 63; methods of, 30 

Electric furnace, 67. 

Electro-neutrality, law of, 49. 

Electrodes, efficiencies of different, 146; tanuB of, 144-145. 

Electrode potential, determination of, 318; table of, 320. 

Electrolytic dissociation theory, development of, 36; importance of, 41. 

Electrolytic precipitation, effect of current strength on, 146; effect of con- 
centration on, 148. 

End-point, meaning of, 235; recognition of, in processes involving neutral- 
ization, 283; oxidation, 321; in titrations with silver, 257. 

Equilibrium, 42; effect of temperature on, 45; of pressure on, 45. 

Equilibrium constant, 44. 

Ether, purification of, 215. 

Evaporation, devices for, 62. 

Evolution method, 85. 

Extraction processes, 201. 

Factor weights, use of, 77. 

Faraday, law of, 146. 

Fat, chemical nature of, 214; determination of, 216. i 

Filtering tube, use of, 126. 

Filtration, devices for, 123; media used for, 122. 

Gas voliunes, calculation of, 80. 

Gangue matter, meaning of, 175. 

Gooch crucible, 126. 

Gypsum, determination of water in, 92; properties of, 90. 

Hematite, determination of iron in, 342. 
Heterogeneous equilibrium, 42. 
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TgjiiiitM irf'fuiiilBlia, 171 
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InDy ck'tfiinimliiii o^ in cMi iran^ 33^ in Cbuqub Mminiym nlfaAi^ ^^^ 

in oto^ 3^; enran in iktiiininitiiii o^ 176i. 
IroBy metliodb cf nwhuJufr 338; sepnailiaii cf li!]^ ^nmiiwium lopdraodd^ 17^ 

a qi a n U ion from niAd, 225. 
Inm ores, decomposition <tf , 340. 
Isohydric sohitioiiSi 55. 

Jones reductor, 329; use d, 330. 

Kainite, determination d diknrine in, 264. 

Kjeldahl method, 311. 

KnoiT extraction apparatus, 204. 

Lead sulfate, properties d, 185. 

Lead tin alloy, analysis of, 184, 374. 

Limestone, analysis of, 175; determination of carbon dioxide in, 103. 

Lindo-Gladding method for potassium, 210. 

Logarithms, table of, 389-390. 

Magnesium anmionium phosphate, precipitation of, 159; ignition of, 160. 

Magnesium in magnesium sulfate, determination of, 159. 

Magnesium oxalate, properties of, 178. 

Manganese, determination of, in cast iron, 385; oolorimetrio method for, 383 

Mass action, law of, 43. 



INDEX 399 

Measurement of volumetric solutions, 240. 
Mdker burner, 65. 

Metastannic acid, properties of, 184. 
Mercury, determination of. 111. 
Methyl orange, use of, 290. 
Mixing of samples, 28. 
Mixtures with additive properties, 358. 
Modulus of hydrometers, 370. 
Moisture, determination of, 28. 
Monobasic acids, titration of, 292. 
Muffle, use of, 63; for heating tubes, 86. 
Multiple extraction apparatus, 206. 

Nessler's cylinders, 381. 

Neutralization, reactions involving, 278. 

Nickel, determination of, in nickel steel, 227. 

Normal system for standard solutions, 252; advantages of, 254. 

Occlusion, factors affecting, 134, 137; methods of avoiding errors from, 139; 

theories of, 133. 
Oxidation and reduction, 314. 
Oxidation and theory of the galvanic cell, 317. 
Oxidizing agents, normal values of, 316. 
Oxidizing capacity, 314. 
Oxidizing potential, 317. 

Paralax, errors from, 242. 

Para-nitro-phenol, use of, 291. 

Paris green, determination of arsenic in, 353. 

Partition processes, theory of, 223. 

Peanuts, composition of, 215; determination of fat in, 216. 

Petroleum, determination of specific gravity of, 376. 

Percentage error, 93. 

Permanganates, formation of, 383. 

Phase, definition of, 3. 

Phenolphthalein, color changes of, 284; uses of, 291. 

Phosphoric acid, indirect determination of, 298. 

Physical constants, uses of, 358. 

Pipets, forms of, 241; errors in using, 244. 

Point of rest of balance, 14; method of determining, 23. 

Potassiimi in potassium sulfate, determination of, 209. 
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Potassiii^ Ikitartrate, determination ol, 307. 

Potaasiuin <^yanide, determination of, 265. 

Pota88iy[i chlofoplatinatey formation of, 209; profMarticB of^ 21ilil^ 

Potaaemi dichromate^ end-points with, 337;^ factors aSjobdog, reaetioa wil 

Ssf; gxidiiing capacity of, 336; oxidizing potential of» 336; paspum^titm 

fd iltandard solutions of, 339. 
Potassium forrooyanide, factors affecting zeaetioa ¥dth sib^ 270; pgsimratiBn 

(tf a standard solution of, 273. 
Potassium nitrite, determination of, 331. 
Potassium permanganate, factors affecting reaetiena with, 323; cndySiipg 

potential, 322; o3ddizing capaeit3r> 322; atandardmdoii of, 328^ vam oif 

325. 
Precipitation processes, gimeanl tbeoory of, 115. 
Precipitates, classes 61, 126; solubility of, 115. 
Fycnomet^, use fd, 367. 

Quantitatiye pro co B ooa^ dasses of, 2. 

Reaelioii ooBfltant, 44. 

Reading burets, 248. 

Reduction of iron, methods of, 328; by stannous chloride^ 341. 

Repression of ionisaticm, f 6. 

Reversible reactions, 46. 

Rosolic acid, use of, 291. 

Sampling, theory of, 26. 

Selection, methods of, 28. 

Sensitiveness of balance, 13; of indicators, 288. 

Separatory funnel, use oij 222. 

Separation of closely related ions, 119. 

Silicates, decomposition of, 194. 

Silica in hornblende, determination of, 194. 

Silicic acid, dehydration of, 195. 

Silver chloride, properties of, 154; theory of precipitation of, 117. 

Silver nitrate, preparation of standard solution of, 262. 

Size of particle, calculation of, 27. 

^ags, decomposition of, BSd 

Soda Hme, properties of, 107. 

Sodium oxalate, uses of, 327. 

Solder, analysis of, 184. 

Sdid mixtiues, analysis of, 373. 
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Solubility, 32; effect of size of particles on, 34; of gases, 32. 

Solubility product, 116. 

Solutions, 31. 

Solution processes, theory of, 199. 

Solvent, 31. 

Soxhlet tube, 203. 

Specific gravity, 365; determination of, 366-367. 

Specific rotary power, 363. 

Specific volume, 365. 

flitting a watch glass, 164. 

Stammar's colorimeter, 380. 

Standard solution, 234. 

Stirring devices in electrolytic precipitations, 153. 

Strength of acids and bases, 40. 

Sulfides, methods of oxidizing, 168. 

Sulfur in pyrites, determination of, 168. 

Sulfuric acid, determination of, 306; specific gravity of, 391. 

Superheating, 69. 

Supersaturation, 33. 

Tap water, determination of chlorine in, 264. 

Tea leaves, composition of, 230; determination of caffeine in, 231. 

Temperature changes in measuring solutions, 245. 

Temperature attainable with bimiers, 65. 

Thiosulfate solution, preparation of, 353. 

Titration, 234. 

Unit of volume, 246. 

Unitary system for standard solutions, 251. ^ 

Valence, positive and negative, 314. 
Van't Hoff, law of, 35. 
Vapor pressures of mixed liquids, 70. 

Volumetric processes, advantages of, 238; reactions suitable for, 235; theory 
of, 234. 

Wash bottle, preparation of, 155. 

Washing precipitates, theory of, 129. 

Water, determination of, in copper sulfate, 100; in gypsum, 92; reactions 

involving formation of, 57. 
Weighing, abbreviated method of, 17; accurate method of, 16. 
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